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AND TRANSMISSION OF 


Kirk L. 


DEVELOPMENT 


rOBACCO RINGSPOT VIRUS IN SOYBEAN! 


Athow and |. 


B. Ban rolt 


st MMARY 


Or sundred per cent seed transmission of to 
hacco ringspot virus, the incitant of the bud blight 
lisease, has been observed in soyvbeat The efhei 
encvy of seed transmission depends on the time ot 
nfection of the seed-bearing plants. The virus is 
sssociated with the embryonic tissue of the seed but 


with the 
Indires 


mission is responsible 


related type of crop adjacent to soybean 


helds t evidence indicates that insect trans- 


lor the spread of the disease 


since the virus is not soil-transmitted and seed trans- 


mission under natural conditions does not account 


for the increase of the disease during epiphy- 


apid 


totics 





with the seed coat. Epidemiological studies 

how th if the mune idence ot the disease can he COor- 
TRSV (tobacco ringspot virus causes a very de 
structive disease commonly « illed bud blight of sovbean 
Glycine max (L.) Merrill Its numerous symptoms 


ave been described by Allington | Hildebrand 
nd Koch (8). Kahn and Latterell 1 | Phe 


sovbean pro 


disease 
has been most prevalent im othe leavy 
fucin irea oft the midwestern United States. but it 


Spar idik or eveli in occurrence Between 


is been s] 
1943 and 1947. losses of 25-100 were reported t 
some fields (10 From 1949 throu 1954 the disease 
was ich less prevalent and severe lt again became 
verv serious in many fields in Indiana during 1955-57 
is practically nonexistent in 1958 Phe heavily 
ted areas were ilwavs iijjacent to legume uTass 
x res or othe incultiy ited e@rassy ireas 
Pierce 15) noted the destructive nature of TRSYV 


mn sovbean as early as 1934. but did not observe its «c« 


rence in natul Samson 16) reported finding the 
lisease in experimental plants of vegetable soybeans 
ndiana in 194) Melhus 13) observed it in lowa 
1942. and Johnson (9 reported the disease on 
sovbean in Ohio in 1943 In 19146 Allington 
erified earlier identifications of tl virus by thermal 
ition tests. cross-protectLol ind svmptomatotogy 
H imed the disease “bud blight™ and discussed the 
t f insect transmissiol because of its occul 

¢ t un nareins of fields Until 1954. it was as 
-umed that the virus was not seed-transmitted in soy 
This assur plion Was based on inpublished re 

: ed in Hlinois and on the work of Hilde 

d and Koch ra) in Ontario, Canada The latte 
1 O.p2 nie ol mmo} plants rown trom seed 

ed Iror niected plants compared with O.15 
n among plants grown from general-run seed 
seed ft irus-free plants. In 1954. Desjar 
! ' i] ) eported (8 a t tran=mission 
h seed from artificially ineculated plants hie 
! n the second test ~ attributed 

ore tise temperature | 1957. Dunleavy 
f ted 1.2 transmissio RSV. fron \ 


( 


Panie | Efe 


on the development ana 


infection tin 


infection adjacent to 
Date of rer! Pasture 


observation pasture feed lot Meadow (orn 


July 16 
July 24 | 4 : 20 
\ugust | 8 5 6 99 


August ¢ 9] 7 i) 95 
\ugust | Y an 1] 28 
September 2 LOO 0 16 14 


Average of 600 pnlants per tocatior 


Second-veal ilfalta I i clover. timothy. 


cantie luce d 


Important 


that it 


hee 4a4use 


noplus ditterentialis Thos.) but 


could not be considered an 
of its feeding habits and the 


vector, 
manipulations necessary 
to obtain even this low infection. The lack of informa- 
tion on disease development and its relation to seed, 
studies re 


soil, or insect transmission prompted the 


ported here 


DISEASE DEVELOPMENT On 8% rows of 


iround the 


nfected with 


Harosoy soybeans were planted edge of a 


field in which soybeans had been heavily 


PRSV the 


aceni to a permane! pasture i nasture 


sovbeans were ad- 
feed lot: i 


ind timothy: 


previous veal Thus the 


second vear meadow of alfalfa. red clover 


ntoms (¢ hlorosis 


ind corn Phe first bud blight syn 
mottling of the young trifoliate 
ind brittleness of the 


Lp il growing point vere observed on July 16 On 


of the unifolia 


leaves or bronzimn cul 


1 200-plant segment 


of each of the 8 rows on the 4 sides of the field were 


Newly infected plants were tagged each week 


tagged 
from July 16 to August 13 
} 


subsequently infected 


s svmptom- ippeared All 


ilants were tagged on Sseptem- 


her 27. when the leaves on the uninfected plants were 
beginning to turn vellow as a result of normal ripen 
in Phroughout these studies the virus was identified 
bY cross-protectior tests on tobacco against rRS\ 
ind serologically by the ring-precipitin technique 
i inst rRS\ inti-erun The data in Pal le l. ba ed 

1 the pres { nptoms. show a very rapid in 


‘ ter sh tot ih Fulton for the 
ile TRSV and Dr. E. L. Moorhead for the TRSY 
intiserun 


23-096 ’ <sued © | 59 
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a o ringspot tirus on sovbean growth end development 


Percentage of pods with 


“oh See 
b Pods pr Seeds per plant indicated number of seeds 
rhe plant 
1) ni no.) f 0) | z 5 { 
| ( } ) lt lO ya) 23 1] ( 
Jul | 6 1] Fd 1] 9 17 { 
\ugu 19 &, 3 39 2) 0 
\ ) | 5] ) | 1] 23 { 
\ 32 1.2 29 1] 26 «(Og 
~ ‘ 1O 6.8 . I 4 24 ? 
Oct 19 102 16 0.6 22 1h 7 
| 
crease ts betwee tions 
uly f L I ntecthon in The infected plants nm thie ilirst test were grows 
crease o tl 1 20-26 to maturity. and 14 produced at least one seed. The 
at the ! e percentage seeds from each plant were planted in_ single-plan 
of inf est of t vas gradual rows in the field. The results (Table 3) show that 47 
except ad t to rn between of the 48 plants that grew were infected with TRS) 
Augu - suunted for Seed from virus-free plants produced no _ infected 
ovel ( fecth t trea. Each plants. and only 2 plants were infected of 249 grows 
of the | it id out the same from commercial seed in check rows interspersed 
percent ts t infectio throughout the plot 
100 ‘ 5 i l the pasture Seed from each individual infected plant and a fey 


med tine l ent 1 ! Most of of the uninfected plants were planted in the green 


th { i relatively house There were enough seeds to plant 20 seeds 
short t Y prox from most of the plants. Distribution of these plants 
imity | ly areas than by percentage of transmission to their progenies 

to iss-legume shown in Table 3 Twenty-eight of the 47. infecte 
mixture exact time of plants produced 100© infected progenies: 7, 90—99¢ 

infectio fection and symp 10. 80-89°7 : and 2, 60-69 The over-all average of 
tom ¢ r re is However, i seed transmission was 93 Phe 1 uninfected plan 
proba eat 7-10 days is well as the virus-free and check plants showed n 
required hieially seed transmission to their progenies. This experimer 
oculate was followed through another generation, with simila 


soil ne ristics were Efiect of time of infection on seed transmission 
measure | irized Fable 2 show a Che effect of the time of infection (the age when 
lirect 1 time ind plant fection was observed) on seed transmission was studie 
he ye 1 seed per by planting 10 seeds from each of 70 plants that ha 
p| nt f ted than halt the shown symptoms at the various dates of observatior 
nor e of only listed in the section on disease development The re 
L pod f seed per sults are presented graphically in Fig. 1. Seventy 
plant | rect ted in greate eight per cent of the plants showing symptoms al 
hye f seed per plant days of age gave seed transmission, and 91°, of the 
ind ts lants seeds on these plants were infected. as compared wit 
show tio lavs of age 4 infected seed on 15 ot the plants that deve 
vielde ( ts infected oped symptoms at 46 days of age Between 46 and 64 
ifter ¢ | rT is Ul lavs of age the plants showing transmission average 
infect 13¢,. and transmission by these plants averaged 10 
SRY ti \ ints were but there was a tendency tor bot! percentage ol plants 
harveste nts were showing transmission and percentage transmission | 
ripe ked t 400 plants decrease during the period. The data indicate a slight 
were I l I ' pots iam thre Increase In the percentage ol plants showing trans 
ree e tollow O mission and the percentage transmission hy these 
une | tected plants between 64 and 109 davs of age. wh h ul 
with TRS\ | ted seed doubtedly reflects an error in classification since al 
trans! ts and nfected plants previously overlooked, no matter whet 
show e seed thev became infected. fell into this group. A definite 


for ! ioe nd relationship Is shown eftween the imount of seed 
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TABLE 3 Percentage transmissto! 4 acco ringspot virus through 2 generations of soybean see 


No, plants in 2nd 


veneration trom 14 Number of 2nd-generation plants with indicated : 
> with First infected Ist percentage transmission to their progenies Average 70. 
I seeds generation generation plants (3rd-generation) seed transmis- 
» plant sion to 
, ; numb Grown Infect 0 60-69 10-79 80-89 9099 100 ird generation 
I { | y y 4 | 4 93 
ba : 
Ul 4 | i | 100 
' j | | 100 
fy 02 : ] | ] 8 
| 2 6 100 
) 7 12 “ l | } 6 vB | 
f 2 2? 100 
g | | | } 81 
}( ) l 2 95 
l f | | 83 
grows 1 100 


1. The 13 : 100 








- 00 
le-plar P ) , 100 
: - | Y ) If 2} 95 
that 4 
rRSs\ sae 
‘ 1) seeds from ea of 21 virus-fre ints produced no infected plants, and only af 19 check plants grown from 
ntecteg commercial seed became int 
STOW! is-free plants showed transmission to their progenies 
-persed 
transmission and the time of intection o ymptom ex present in the field All insects collected in sovbean 
t ‘“ 
1a fey pression fields and in surrounding grassy areas were allowed 
greer Locat on ot virus in the see li the virus associated to feed on soybean pl ints, either with o1 without previ- 
) seeds é 
bin with seed transmission were | 1 on the seed coat ous feeding on artificially infected soybean plants. 
plants control of seed transmission should be relatively easy Only 2 of more than 1800 plants exposed to insect 
nies if In two experiments LOO) virus-carrving seeds wert feeding became infected The fact that the disease 
niecte ' " ’ ~ 
oteains. soaked | minute in 10 Na.PO, and the amount of did not develop in the Midwest during 1958, and the 
YY 
seed transmission was con pared with that found with failure to transmit the virus from artificially infec ted 
sant nd an equal number of unsoaked seeds. No reduction in — plants by the insects collected, suggests that the insect 
. oe 
1 plat seed transmission Gccurred, but the Na PO, treatment or insects ¢ ipable oft transmitting the virus were not 
wed I did reduce emergence lt had een prey ously shown present 
sheet that treating expressed sap from virus-containing plants DISCUSSION Transmission of TRSV through seed 
nil , 
simula ] minute with Na.VO, would completely inactivate the from naturally infected soybean plants has not been 
virus These results indicate that the virus was prob 
or , , T + t ae. noe 
sUOn ably not carried en the seed coat \ further experi ) 
hen i ment, in which extracts tf equal weights of seed 
studie ' } oust ‘ | 14 Per toa f olonts sh n 
i coat and embrvo (cotvledor ind y por ityl-epicoty ) = ercentage plants showing 
: \ ransmiss 
at ha Irom intected seeds were assayed on cowpea, showed \ 
gS ol : : SO \ p Percentage of transmission b 
rvath that the virus was associated wit th cotyledon and 1 none Ghee ' 
, 
Phe re otvl-er ot ot the e? ' t neo } | 
hypocotyl-epicotyl of nbrye it not with the \ yerage percentage wonsmissx 
eventy seed coat ts tested 
| \ 
il SOI TRANS MIssiON No evice ce Was found ot soil ws * \ 4 
rhe © lo 
ot transmission in studies invo ne planting soybeans in a 
1 wit | ] " t | \ 
a Wi soil obtained trom fields wit LOO of the plants in = \ 

: , uJ \ | 
deve fected. or re planting in these helds the following vear O 4 | 
nd 64 | | ee 
ind & Observations indicate that fields with heavy infection J \ 

erage one year do not necessarily have he y infection th }—_ Owes ing "ere | 
1 10 following vear if all surround fields are cultivated 
’ > ©] 
plants Bud blight has been found to « ir in the same fields \ 4 
\), ‘<> 
‘lon | lor several years only when they are ext to an undis a * y 
slight turbed grassy are even though this mav be no more dats 
trans extensive t I i Yladssyv roadsicde ra wide tence row aiabii > 4 
' . 4 4 4 4 4 92 4 J 
Hest INSECT TRANSMISSION Limited studies were mad 38 a¢ 64 a 
| ‘ } RIPE 
n nsec trans! -- ! kxcenpt for surveys to determine AGE f c ANT 
t if The pre Valence al irjous ee t< ind iround bud WHEN SYMP T( M cCigctT +4 ERVEL ( AY‘ 
wel blight niected fields tl} roug the season the insect! 
' “5 } lat , 
le finite transmissior work was done durit the summer of I 4 1 I ition i i ovbean plants 
f ] 1958 : when TRSV syn ptoms ere first served and the percent- 
<P PC J +, whe YT et | . i, P v? . ‘ > 
I oO when pl 1\ ’ <ovbean plants were ige of TRSV transmitted throu the seed, 























, with co ) ed nosd iftus prod iced more n i 
reporte I I 
hecome feet. fected seed ! lid plants that be ime infected 
trans! ) n th hela \ 18 howevel! found no ditlerence 

; ] ‘ 
ol ¢ ‘ [ihe i! ‘ ] mie n cowpea il - Yrown Trom 
i, | I¢ le | ! rom -~ePed I! ! itut \ intected 
} In 1 t t | trancn clint { 
lI ’ ‘ | lis t presen =tul t ills =s10) Was | 
flay 4 P I ved thre I eral genera ms | repeatedly plant 

j eds fre fected plants that had been grow: 
pel ad j 
the eens mitinue ly iInlectee ind there is a period ol out 

fy da or 1 e n Iti ylicatior ne mpeove ent prior 
probal Liu iru ] pil ! na ! pl 
> teri ! " | — snot contradictory, far thre =fate 
flower | lat it vy it i 
" i 
9 ' ent ot Crowle (4 that transmissibility Is not a 
’ | | 
' | property | i \ I- oO rt il ost ful - early il 
} nteracti of virus and host t does su est. however! 
‘ ( y 
that eed Uf ta t buat ! iv reveal a h her vercentage of 
eed ~ ) yt TEU EAL, ‘ 1 ~ certa 
trar rr ' ( } : 
»sTs 
den rat f t 
f, : seeds produced © plants grow fron ected seeds 
on rRs\ were appare rus-tree it le t did not trans t 
Rennet { t! vi I he peostlion of thre pod ) thre plant or thre 
ed } rir f | lier 
tray | a e peo iy Have sole ed ov on t i ire 
' ] to tra ! | iya do d Wil oOmmaor eal mak 
( 
imete rus rou : 4 dence 1 the ter Dut ot of the 
; ' 1] ' ' 
threo ' j rmet! meewable evel | 1 systemic Virus 
' | that the virus iv not be <utherent concentration a 
eT , | I l 
mcenpted trie i cellar iad nthe tissues over! the entire pliant 
eronns , ihieve LOO lection Kato et al |? = bed 
° aeta re ‘ toveny ind nterrelationst Ips «al the 
la wWhea ( is thre po fron the time of ovary dif- 
\ lerentiath to seed maturatio Phe “howe that 
; ; | 
j ’ \ I ( ons suc! is ( it mort ' Cay 
1) ‘ ter the orl il patterr tT seed developmer " i 
va al ner that tends to favor development of the apical 
0) nfection w rRSV has a lar effeet. ther he 
) j 
' j eed I r do ‘ develop oo fected plants 
Lp pe ! ‘ ) thre roy tor nie mav fv 
t oO is\ t’t 
| > fay ible tha that of the il seed st es 
l now fe) fer mre te eer 4s 
er | 
ceed ) Will 1 ~! ~=]O] 
\\ Seed ty pee ove . ' ' 
the eve f ot thre j | j ~t rf 
‘ 
! oT t t - i ! | eer | } i 
. I 
early ed plants : ' it deve fs 
fected Qeed , ‘ ‘ evel r 

] ! 1 

} ve | per | I ind lisse | rt S 
ird 

? ‘ | ? ; ‘ ; | : 
rit CaSO! i t ¢ ‘ t l S 
iron eed = 
Nines ' = < ' - ' | sped 
a , 
f +) j ' ' ' 
t f ferme nsec ransmis 
\ | () 
. } S ' ry method of 4 9 7 ] It was 
. , ecentiv ft ad 4 that seve l ! re 
t | ‘ nmontv ¢ ned ! ited reas 
’ } ’ ; > ‘ 
| oie: idlieie Tene rRSV oT 
| f | cae : 
| nm ¢ ease id j ed eas 
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currence of the disease suggests that the vector is 6. Dunrteavy, J. 
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unable to overwinter in some years, or that its num- of tobacco 
' ouy 
bers are so reduced by other biological factors that oe 


he come 
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-oOVbean Is 


re-estab- 
not the 


several vears are required lor it to 


lished It is 


possible that the 


preferred host of the vector. and. in vears of adequate 


moisture. as in 1958. when uncultivated areas do not 
iry up. the insects do not migrate into soybean fields Q 
However, if this were the case. some intection, rather 
than the absence of infection. would be expected in Uy 


covbean plants ilong the margin of helds. hecause of 


perennial 


their proximity to infected 
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L ty perature relative < caleul ad { the astie qd scr ed potatoes Naturally 
be formule % nfected potato tubers stored at approximately 
OU RH and te eral f 47 64 ind 68°] 
2 RH-hrs. above 90 rs ave FO] leveloped visible symptoms of the disease in in 
100 reas amounts as the storage temperature was 1n 
' reased. By ex i] rr f ne ot best fit indicates 
« ) é ) ‘ ~ ’ elal ' 
; it tubers stored Lt en though at 100° RH 
l . wb , .o White Rh | not de elo sott the f t 26 he Its 
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Large constant-temperature rooms 
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Fig. 2. Correlation of the inciden terial soft rot 

in potato tubers stored at 100°. RH for rying lengths ol 


time at different teinperatures 


where the potatoes were Lo be stored 390°, 68°, and 


78 KF). After ] hour immersion the wet tubers were 
placed in wet sac ks together with dr and wet-bulb 
temperature-recording thermocouples {ll the tubers 


were examined for lenticel infection at frequent in 
tervals starting 4 hours after the desired temperature 
Phe tubers and sacks were moistened 


RH for the 


was attained 
as needed to maintain approximately 100 
duration of the experiment 
Resutts.—Fig. 1 presents results of the experiment 
designed to show the relationship of temperature, RH, 
and time to bacterial lenticel infection. The percentage 
of visible infection is shown on the Y-axis. and the tem 
perature-humidity index is shown on the X-axis. Since 
RH is affected by temperature and both have been 
shown by a number of investigators to influence rate 
and incidence of soft-rot infection. the data (partially 
shown in Table 1) were subjected to multiple regres 
sion analysis to assess the role of each. For this analy 
sis a base of 9007 RH and 40°F was selected by virtue 
of trial analyses, which showed that these values gave 
the best approximation at the cut-off points for in- 
fluence of RH and temperature on infection. Since 
visible infection is also a function of time. integrated 
values of degree F-hours and per cent RH-hours were 
used as the X, and X. variables in the multiple 
regression equation. For any given period, the pet 
cent RH-hour integer is the sum of all differences be- 
tween 90° and each hourly mean RH greater than 
90%. Correspondingly, the temperature-time integet 
is the sum of all differences between 40°F and each 
hourly mean temperature greater than 40°F, 


When X 
X, per cent-hour differences above 90 


degree-hour differences above 40°F. and 


the equa 
tion for the multiple regression is 


\ 65.57 0.0925 ).2283X., 


The multiple regression coefhcient KR 0.9497 in 
dicates a very close fit to the regression plane and a 


high degree of significance for the relationship of 


rING POTATO BACTERIAL SOFT ROT 703 


temperature, RH, and time. It will be noted that the 
coefhcient of X. is approximately 2.5 times as great 
as that of X,. This means that for every degree change 
in temperature there must be approximately a 2.5 unit 
change in RH to exert an equal effect. Thus, in order 
to show a straight-line relationship this factor (2.5) 
is incorporated into the formula for the temperature- 
humidity index. When this is done, the index (X) is 


calculated from the following formula: 


2.55 (0% RH-hrs. above 90% hrs. above 40°F) 
100 


rhe divisor (100) is introduced into the formula so 


handled in calcula- 


that the values may be more easily 
tions 

When the index values (X) are correlated with the 
incidence of lenticel infection (Y). fitting the data by 
the method of least squares indicates that the line of 
best fit has the formula: ¥ 65.65 9.21X (Fig. 1) 
The correlation coefficient for this relationship is 
t 0.950, significant at the 1° level 

Fig. 2 summarizes the results of the experiment 
designed to show the rate of development of bacterial 
lenticel infection under conditions of a water-saturated 
atmosphere it 3 different temperatures The per cent 
infected potatoes are shown on the Y-axis. and the 
hours at 100°; RH are shown on the X-axis. Although 
the potatoes were stored in rooms maintained at tem- 


peratures of 50°. 68°, and 78°F. the actual average air 


temperatures in the sacks were 47°, 64°, and 68°F, 
respectively 

The increase in incidence of infection with increase 
in time is positively correlated at each of the tem- 
peratures. The lines of best fit were constructed from 
the equations: 1.98 0.222X, 5.11 + 0.843X, 
and ¥ 7.24 2.393X for temperatures of 47°, 64 
and 68°F. respectively In this formula, X 
and Y 
coefhcients for these 3 temperatures listed in the same 
0.854. and 1 0.976, all of 
which are significant at the 1 level. 
a calculation of the 
regression of slope vs. temperature gives the following 
equation: Y 1.7796 0.0446X. Here X tem- 
perature in degrees F and \ slope of per cent in- 


hours 


percentage of infections. The correlation 


0.919. 7 


order are: 1 


Krom the slopes of the lines, 


fected tubers vs. time (number of infected tubers per 


hour). The correlation coeficient of this relationship 
is I 0.963, which is significant at odds of 19:1. 
PasLe |. orresponding in 


Temperature RH indexes and 
fection incidences | ) utilizing field-infected W hite 
Rose potato tubers placed at various ¢ ombinations 


F) and RH (°.) for 26 hours 


of temperature 


91.96 97 100 


ke) Index Infe tion Index Infection Index Infection 


18.50 8.5 8.1 
3-55 8.8 13.9 
0 62 8.1 10.4 30.0 
63 65 6.7 2 Yt 15.1 13.2 50.5 
Hh 68 10.6 >. | 
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.RLI 7 light of information regarding the comparative suscep. 
hy the titi i! White Rose and the other variety 
Data were also deve loped on fully mature tubers that 
‘ id not been subjected to excessive skinning. bruising 
i hese factors. \ I ive been reported 
) ease tuber isceptibility to decay , Y would 
| Iter lope of the curve 
| | i thermophilic strains of the causal organism 
yuld fit precisely in the mathematical relation- 
t nted With the realization that variables 
‘ tlie emperature and RH affecting pathogenicity 
0 } susceptibility may operate. it is not assumed that 
e temperature-humidity index represents an absolute 
elations| to soft-rot decay It does, however. pro 
When \ ide a basis for statistical estimation of the probability 
temperatul Nel of soft-rot occurrence under prescribed conditions of 
tion would deve ( onment Credibility - viven to the index 
sble ] oncept by Smith and Ramsey s 1] report that at 
show 00 RH and 75°F. 50 of the White Rose tubers 
fection 2 t ptoms of infection 24 hours after being 
femnerature a }? “ ated lranstormation of these data into the tem- 
| | ‘ 1] perature imidity index gives a value of 13.7, which 
aon ws (| | that between 50 and 60 of the tubers 
tion ' j ould decay 
a. It evident from the data (Fig. 2) that visible 
es fncbies \\ iptoms of soft-rot development can appear rather 
she inde , Hick if temperatures greate! than 64°F and at 
ctieace of LUO RH Within 8 hours approximate ly 10 of the 
» \- j tubers showed infection This is somewhat earlier 
, Nr than reported by Smith and Ramsey 1 | who stated 
ee sgh that visible infection developed 18 hours after being 
where weord ( 2 
; tlated at 85°F and 100% RI This time-lag dif 
fio 
Lamination rence is probably not as great as it might seem from 
the two sets of data. because tubers used in our studies 
Discussto \\ 
vere infected at some time prior to the initiation of 
der wid le perature and humidity treatments. although 
te peratul ere vere no visible signs of intection on the tubers 
Porarot ; en treatments were begun 
—_— divas data presented in Table 2 seem to form a sound 
sity ‘gah - for predicting the development of potato soft 
me ler varying conditions ot temperature ind 
ica \ yisture Although Artschwager s data (2) were de 
the! t med ) potato varieties other than White Rose 
aut I " | 
: t see » app ilso in this case o there appears 
tl ‘ 
) real liscrepan I el rieties witl 
Inquirie ! erature and humidity requirements for 
le ra ell - t ition and wound periderm formation li 
nt it rt I Artscliwager oes not present iforima 
require the RH existing during his experiments 
dryin ( ( ssary for potato tuber cells to suberize and 
le envil st ently dev lop 1 woun peridert He 1oes 
rh nat ite er. that increase in RH from 64 to Yo 
ind relative creased the amount of suberization Olutsen (6 
isetul his studies on wound periderm formation in potate 
of sott-rot o I tubers stated that moderate moisture was essential 
sary in the ’ le tor ition but that excess moisture caused 
index, however t t rroliferation rather that periderm development 
potato variety \ Tiarse 1 Schomer (9) reported that moist air favored 
are reported t suberization of tuber cells while dry air retarded its 
disease ) \ - evelo ent \rtschw Lee! 2 reported that sube riza- 
other than Whit ) ind wound periderm formation were favored by 
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increase in temperature up to 70° 
with in 
softt-rot 


From these reports and those concerned 


development of 
harrier to bacterial invasion—cell suberization and 


formation—as well as soft rot are all 


favored by elevated temperatures and RH 


tt 


100 RH and the 


100 RH 


be! tion so the infection would not b 


own I 


idec. in Table 2 to make use of 


anomalous situation is clarified by 
Table 


experime ntal data 


his seen ingly 
the hypothetical situations shown in 
and comparing them with the 
Table ] 


At approximately 100 RH the index 


increase together with a rise in 


values and 
ectiol mecdencs 

1] j , 
Table 1). This is predictable according 


lable 2 tor 


range for the 


peral ire 
lit theoretical index values shown in 


same temperature 


ile 24 Poul period 


\s temperatures approach 70° 


<ul vation should occu! iccording to Art 
hwaver atter 24 hours. However. as noted by Oluf 
6). excess moisture presumably approximately 


would favor cell proliferation rather than 
arrested by 
kdierm tormation, 

95! RH the theoretical and a 


in substantial 


- 


" 
proximately 


lex values for 24 and 26 hours are 


reement It will be noted in Table 1, at a tem 
re of 66-68°F and at RH of 94-96° 7, that the 

lex value is 106 and incidence of infection ts 35.1] 
Pable under approximately similar conditions 

OF and 95 RH). the theoretical index value is 
. it suberization should occur at this point. In 
experiment. although the infection incidence was 

he development of the lenticel decay was meager 


indicating that periderm formation did 


ir under these conditions. but at a somewhat slower 


probably because of the slightly lower mean 
perature than that reported by Artschwager (2) 
The theoretical index values for 48 hours are in 


\rtschwager’s data 


th the temperature-RH index. Cell 


vation and periderm lor! I iccording to 

re initiated at 60°F within 48 hours at humidities 

to OF Therefore. even thou index values at 
perature reater than 60°F and relative humid 
es oF Yo or less for 48 ours are large enough 
- st solt-rot) occurrence periderm tormation 

i ol} ly either prevent o st soft-rot decay 
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The temperature-RH index interpre 
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\ al i i yonate spots 
oO plant ij nt of Lychnis 
satin eenhouse The causal 
virus, t! latio produced 
system divaricata, Silene 
ne tiHars ‘ j a Sp nacia 
0 cea, ¢ ine ertain other 
plat It 1 eral Species 
i! whic ten Infected 
plants ot / ind Stellarta media 
produced no production dras 
tically ed ( hinensts ind 
Silene noct ot transm tted by 
Cuscut { { No sect 
vector tted thro na 
hi 1 per j nar ata ind Ss 
noctiflo ‘ entace ol eeds 
oft j i 3 ( 5) ct 
ma prol ( mast ul not 
through se m, China astet 
or pinach | rat ed thi ot} 


, , 
healthy 


fected 
flowers on the 
healthy plants 
10 plants, and none of the 


from in- 
Ww hereas 


pollin ted 


seeds, 


plants of L. divaricat 
produced infected 
same plants receiving pollen from 
produced Virus-tree seeds on 9 of 
nothe! plants became in- 


plants 


fected systemically. 

The virus has a thermal inactivation point be 
tween 64° and 68°C. retains activity 2-7 days in 
plant juice at room temperature, and has a dilu- 
tion end point of about 1:2000. It did not with- 
stand drying in plant juice. It was active in seeds 
of L. divaricata after 992 days of storage. The virus 
appears to be better adapted to invasion of par- 


invasion of phloem, since it pro 


of plants in which 


enchyma than to 
duced local lesions in a numbet 
hecame only partially 


unde- 


systemic oO! 


it did not become 
ipparently previously 


welong to the 


systemic Phe virus. 


scribed. is considered to ringspot 


group of plant viruses. It differs from other ring- 
spot viruses principally in host range. induced 
symptoms, and in the low degree of recovery of 
most of its host plants 
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NTRODLECTIO }) 
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showed at | ya I lat ap 
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infect al neludit certain 
crop pla t | | ict ‘ n 
ipally beca nusual relatio Ips 
to various host ed further! 
The 1 ilt I =) e Ss was 
d scovered / iuced distinet ring 
spot mptor ecie of Lychnis 
thre d east Lyehn ril port 

in contormity ‘ 1 | the he ew ot 


Applied My mor I Irie to virus 


diseases (] 

Host RANGE O e host range of the 
Lvehnis rings} been studied exten 
sively, but a t the pec tested 
proved to he | tio! Lo il chlorotic 
or necrotic lesion 1 on inoculated leaves 
of a number of ere not intected sys 
temically. | ugar beet and New 


wernt numerous on 


Ze aland Spina 
inoculated leaves i nfection occurred in 
lated plants 


ceptible to 


only small perce! 


Species of plat infection by 


juice inoculation t t w. in ilphabetic al order 
Accepted for | \ 8. 1959 
Plant Patho ( Research Division ARS, 


U.S.D.A 
The 


sistance 


writer is Phyllis R. Emparan for as 


throughout the ported here 


with respect to family. genus. and species. The virus 
was not fully systemic ino species marked with an 
asterisk | > In these species, symptoms were, in most 


cases, limited to local chlorotic or necroti <pots on 


inoculated le ives 
Murr New Zea- 


NIZOAC EA Te frpagonia exrpansa 


| ind Spina hn 
sticky 


oOmmon mouse- 


CARYOPHYLLAC! Cerastium viscosum | 


mouse-ear chickweed: ( ilgatum | ( 
ear chickweed: Gypsophila elegans Bieb.. Gypsophila; 
Lychnis chalcedonica | cross: 1. coronaria 
(L.) Desr.. Mullein pink: Reichenb.:; L. 
Lem Haage campion: Silene 


windmill pink: S. noctiflora | night-flowering catch- 


haageana gallie a - 


fly: Stellaria media (1 Cyr.. common chickweed. 

CHENOPODIACEAE. {triplex rosea L.. redscale: Beta 
patellaris Mog.: B. vulgaris 1... sugar beet: *Cheno- 
podium album 1... lamb’s-quarters: *C. amaranticolor 
Coste & Revn.: €. capitatun | Asch. strawberry 
blite: *C. murale L.. sowbane: Spinacea oleracea L., 
spinach 

COMPOSITAL Cs stephus NSIS | Nees., 
China aster: 

CRUCIFERAI Capse / sa-pastorts | Medic., 
shepherd’s purse 

GERANIACEAE.-Geranium dissectum | cut-leafed 


crane’s hill 


PRIMULACEAI Samolus parviflorus Raf. water 


pimpernel. 
*Capstcum frutescens | pepper; 
\Vicotiana cleve- 


tobacco; N. 


SOLANACEALI 
*Datura stramonium L., jimson weed: 
Gray; ‘ 
glutinosa 1..: *\ 
Petunia hybrida Vilm., petunia 

It is probable that some of the species showing only 


Graham... tree 


tabacum lL... tobacco var 


landii glauca 


Samsun; 


i060 
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local infection may be susceptible to systemic infec 
tion under certain environmental conditions 

Plants showing no indication of infection include 
Lactuca sativa | (lettuce). Nicotiana rustica L. (wild 
tobacco). Phaseolus vulgaris L.. (bean var. Bountiful). 
Phytolacca ( poke weed 
esculentum Mill. (tomato), Solanum nigrum | 


americana | Lycopers con 
(black 
nightshade Vigna sinensis ( Tornet Savi (cowpea 
and Zinnia elegans Jacq. (zinnia 

SYMPTOMS AND EFFECTS OF THE DISEASE.—One of 
the most characteristic symptoms of Lychnis ringspot 
is zonate spots or rings on leaves. often showing alter 
nate bands of green and yellow tissue. Spot characte 
istics and disease severity vary on different plants and 


‘ 


on locally and systemically infected leaves. 


Symptoms on int ulated leaves. \ high percentage 
of species of plants tested showed local lesions or 
leaves inoculated mechanically Qn some plants, as 


sugar beet and Samsun tobacco. lesions were chloroti 


ind sually continued to spread radially as long 
is the leaves remeined actively growing. often with 
eut producing sysiemic infection. Typical lesions on 
sugar beet are shown in Fig. 1-A. In other plants, as 
Chenopodium amaranticolor. C. album a broadleat 
selection and ¢ capitatum, lesions soon became 
necrotic and usually ceased to expand after reaching 
i diameter of a centimeter or more. In some cases, 
however, they spread downward along the main veins 
of leaves. as shown in Fig. 1-B. Effects of the virus on 


inoculated leaves of plants of Lychnis divaricata were 
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often indefinite. although many of the inoculated 


plants became infected systemically. Definite spots 
mmposed of alternate chlorotic and green bands were 
produced on inoculated leaves of Lychnis coronaria, 
Che virus usually continued to spread until the entire 
leaf was involved 

Symptoms on syvysfemically infected piants. The 
range of severity of systemic symptoms was rather 
wide on different species of plants. Lychnis divaricata 
and Geranium dissectum showed little or no dwarfing, 
and symptoms were largely confined to zonate rings 
and spots. A leaf of L. divaricata with typical severe 
symptoms is shown in Fig. 1-C. Symptoms were absent 
from some leaves, possibly because of a tendency to- 
ward recovery. However, symptoms sometimes re- 
curred after an apparent partial recovery 

Leaves of Callistephus chinensis showed spots and 
rings of golden yellow tissue, but were not deformed 
The flowers were more or less normal in size and 
shape, but diseased plants were dwarfed 


Leaves of Silene noctiflora and sugar beet were 


markedly deformed and plants were stunted. Leaves 


of sugar beet plants were straplike and irregular 
along the margins. and sometimes had rings and lines 
ol 


hlorotic tissue. A beet plant about 5 months old, 


infected in the seedling stage. is shown in Fig. 2-A. 
There was no evidence of recovery in S noctiflora or 
sugar beet 

Ihe virus rarely became systemic in TJetragonia 


expansa, but the few plants that showed systemic in 





Fig. 1. A) Sugar beet leaf showing local chlorotic lesions produced from mechanical inoculation with Lychnis ring 


spot virus. Darker areas indicate necrosis. B) Leaf of 
mechanical inoculation, and effects of spread of virus along 
Lychnis divaricata 


Chenopodium album showing low al lesions produced from 


the veins. ©) Chronic symptoms of Lychnis ringspot on 
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became necrotic and died. but necrosis was absent in 
new growth. New leaves, however. were deformed ind 
dwarfed and the plants were stunted. Plants of [, 
coronaria, infected in about the 6-leaf stage. showed 
symptoms after 2 weeks Zonate spots were produced 
on 3-5 leaves. but the plants recovered and showed ne 


further evidence of disease 


/ fiect ol the disease on seed production, One oft the 
most characteristic effecis of Lychnis ringspot virus 
1 reduction in seed yield. Of the species tested. only 
Lychnis divaricata, Geranium dissectum. and spinach 
flowered and fruited normally when infected sys 
temically with the virus. Stel/arta media produced 
normal-appearing flowers but set no seeds. Infected 
letragonia « ypansa produced aborted flowers and no 
seeds Flowering of infected ( allistep!] us chinensis 
was more or less normal, but more than 90°, of the 
seeds were without germs. The virus was not fully 


systemic in Petunia kybrida. Pods showing rings and 
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of truiting 
and clur 


A) 
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nis ringspot on leaves and flowering stalk. B) Portior 


SHOWIN eXCessive ranchit » of fruiting stems 
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ot Lychnis ringspot virus on seed produc 


Paste 1l.-Effe 
tion in Sij/ene noc tiflora 


Average no. 
see ds per pod 


Diseased plants sell pollinated $1.2 
Diseased plants pollinated from healthy plants 64.1 
Healthy plants pollinated from diseased plants + 
Healthy plants pollinated from healthy plants 148.3 

Figure represents average number of seeds in pods with 
seeds: 9] of pods had no seeds 


other lesions produced few seeds. but seed production 


was apparently unaffected in pods showing no external 
symptoms. In sugar beet, flowering stalks tended to 
revert to a vegetative condition and then to send out 
weak fruiting 


Such stalks produced seed balls sparingly and i 


stems trom partially vegetative rosettes 
clumps. as illustrated in Fig. 2-B. Germination ot 
seeds trom infected plants Was very much reduced 


The virus ipparently affected the production and 


functioning of both pollen and ovules. Pollen produc 


tion was reduced drastically in sugar beet and in 


Silene noctiflora. In the latter, most of the stamens on 


diseased plants failed to elongate. and anthers wert 


sterile. Stamens that elongated had anthers with little 
pollen 


fo obtain information on the relative effeets of the 


virus on male and female gametes. tests were made 


with Sifene noctiflora nvolving the | possible CTOSsses 


of diseased and healthy plants. Pods were harvested 


ind the seeds counted (Table 1) Diseased plants pol 


linated from diseased plants produced seeds in only 
To, of the pods counted, and seed production was 
low in pods that set seeds. Pods of diseased plants 
wilinated from healthy plants produced fewer than 


ialf as many seeds as pods of healthy check plants 


ndicating that the virus has a marked effect on the 


ovules. Most of the pods on healthy plants pollinated 
from diseased plants produ ed seeds. but seed set was 
very sparse. The low seed set may have been partly 
due to difheulty in finding enough pollen in flowers « 


liseased plants to pollinate the healthy flowers ade 


f 


quately. The results indicate. however, that seed pro 
duction is reduced if either parent 1s infected with the 
Is 
Ty AN ssioN Trar Ss7mission h dice oe ulation 
Lyehnis ringspot virus ts juice-transmissible by 


ng, but the results often are erratic. ranging trom 


percentages ot infection to slight or none 
, 


lesions were produced on most susceptible 


species by rubbing juice from diseased plants over the 


surface of leaves sprinkled with carborundum. Often 
only few lesions were produced. Infection appeared 
o be influenced both by the source of virus and by 
he plant inoculated. Production of local lesions was 


nest consistent on leaves ot Cheno] 


yodium album (a 
broadleaf selection). C. amaranticolor, and C. capi 
lesions were evident on leaves of C. 
Within 48 hours. they 


were 1 mm in diameter and in 72 


amaranti 
color 42 hours after inoculation 
hours they had in 


reased to 2 mm in diameter. Lesions usually reached 


LYNCHNIS RINGSPOT 709 


considerable size, particularly when the atlected tissue 
did not become necrotic 

Tests of insects as agents of transmission.—For more 
than 2 years there was no evidence of spread of ring- 
spot from diseased to healthy plants under greenhouse 
conditions. Red mites and thrips, which were present 
in the houses are apparently not vectors of the virus, 
In tests with other insects, large numbers were per- 
mitted to feed on diseased plants and then transferred, 
or allowed to move, to healthy seedlings of Lychnis 
divaricata. The species of insects tested were Circuli- 
er tenellus (Baker) 


f i beet leafhopper), Vyzus per- 


sicae (Sulz.) (green peach aphid), Aphis fabae 
(Scop.) (bean aphid), and Rhopalosiphum maidis 
(Fitch) (corn leaf aphid). Twenty or more plants 


were used with each insect. but none showed evidence 


of infection. 

Tests with dodder.—Transmission tests were made 
with two species of dodder, Cuscuta californica Choisy 
ind C, campestris Yuncker. Dodder was established 
on diseased plants of New Zealand spinach and 
Lychnis divaricata, and stems of the parasite were 
trained to plants of Chenopodium amaranticolor, C. 
capitatum, and sugar beet. Twenty healthy plants of 
each species were pal isitized by each species of dod- 
der, but none developed symptoms of disease 

lo test the ability of dodder to acquire virus from 
infected host plants, juice was extracted from stems of 
C. californica growing on an infected plant of New 
Zealand spinach, and inoculated into plants of Cheno- 
podium amaranticolor and C. capitatum, Results were 
compared with those obtained with juice from the in- 
fected New Zealand spinach plant on which the dodder 
was growing. Lesions were not produced in any of 
the tests with jui from dodder, whereas lesions were 
numerous in all cases with juice from New Zealand 
spinach. Further tests showed that the virus was not 
of New Zealand spinach by adding 


an equal amount of juice from doddet 


inactivated in juice 


It seems prob- 
able, therefore. that dodder is unable to acquire and 
retain appreciable amounts of virus from infected 
This may account for the failure of dodder to 


transmit the virus 


Transmission through seeds.—Lychnis ringspot virus 


was first obtained from a seedling of Lychnis divari- 
cata grown in a screened greenhouse: thus there was 
evidence of seed transmission of the virus from the be- 
sinning of these studies of the virus. After it was 
found that more than half of the seeds of infected 
plants of L. 
from infected plants of other susceptible species were 
tested. The results are in Table 2. 


divaricata may transmit the virus, seeds 


Transmission vas greatest in seeds of Lychnis 
divaricata and Silene noctiflora Respec tive averages 
f 58.407 and 41.7% of the seedlings from seeds of 


diseased plants showed definite symptoms. Transmis 
sion through seeds was also obtained in Silene gallica, 
Cerastium viscosum, and sugar beet. and probably 
Capsella bursa-pastoris. Only 4 of 42 sugar beet seed- 
lings showed infection, but symptoms were evident in 
the very early stages of development. Cotyledons were 


narrow. thickened, and distorted. and the true leaves 








710 OPATHOLOG) Vol. 49 


In the first test, infected pistillate and = staminate 
lants of L. divaricata were pl iced in one greenhouse 


vartment. and healthy plants of both types were 


ed in a second compartment. Crosses were made 


- fected n the four possible combinations of healthy and dis. 
Plant test . eased plants Seeds were harvested at maturity, 
Bes stored through a dormancy period of about 3 months, 
Callistepi ) ind planted singly in flat- in lots of 100. Counts of 
Capse 3.4 diseased seedlings were made at inte rvals until the 
Cerast lants were about 2 months old 


tests with S. noctiflora. diseased and healthy 


Pet al plants were separated into two groups Klowers to be 
Nicotiana t 0 pollinated were emasculated in an early stage of 
8 - inther development, and all other flowers were re 
Soins oved before they opened 
fhe results are show Table 3 The virus was 
- ' : transmitted by pollen to 18.6° of the viable seeds of 
5 L Io eacn species Pollinatio: ot dist ised plants with 
Viru : ollen from healthy plants gave more seed transmis. 
were hat si01 in did the reciprocal cross, perhaps indicating 
either that the virus entered a highe percentage of 
were matt ts female gametes or that infected m ile cametes were at 
Virus was re ster fo 1 disadvantage with respect to effecting fertilization, 
Chenop : e the The cross of diseased by diseased plants vave the 
first Know uen shest percentage of seed transmission, as might be 
seeds of \ nun expected, but the per cent of transmission was not 
bet “ aise ‘ t dis markedly greater than from the eross of diseased by 
easer pliant ] Tlie ' 
, Pen healthy pistillate plants of Lychnis divaricata 
Necroti i an were selected for a further study of pollen transmis. 
On ime Stel edlings sion and of movement of the virus in the mother plant 
were intect i or the following pollination On each of the selected plants, 
virus (hat ine) " > flowers were pollinate {from a pl int with mild -Vymp- 
No trans! ° ed Thro toms » flowers were pollinated from i plant with 
the seeds ‘ seca severe symptoms, and 5 flowers were pollinated from 
Geras ; i ealthy plant 
hybree sh » “— ‘ The results. shown in Table 4. indicate a wide range 
spinach. Fewer rected percentage of transmission by seeds of different lots 
China aste | Phere Wades he In Lic ation nowever, t! alt pollen Irom 
developed seed rc Was severely affected plants transmitted the virus more tre 
evi oe ‘ I ‘ juently than pollen from mildly infected plants In 
10 plants. seeds f1 flowers pollinated from 
ol : en . ealthy pl nts transmitted the virus. though this trans 
produced « 
and flower | Is ( of intecte ant / hy livaricata ar 
was also Sifene tiflora 
seeds tested ed is a «a 
definite |e . ‘ e rela — ont plants 
tively S yerminated 
wh. and 1 (ross natior seeds infected 
Af the virus ecies HH 6.5 0.0 
if was not dete H 1) 1.9 8.6 
Transmissior 7 DH 6 3) 
tests were ace j " v 1) I) 1 () 2 6 
also ippear t f | t< H HH 95.0 0.0 
Tests were 1 a a R ; H 1) 645 8.6 
spot virus is | j 1) H 63.0 28.7 
divaricat md OS } Ps « " D D tie 
distinct sympt eed ‘ f ‘ HH ininfected ple 1) niected plant 
in addition. ] Figures represent averages of 100 seeds of each of 5 
ts f / tvaricata and erages t 100 seeds otf two 


o t ait { , 
greatly . . site lots of seeds of S 
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iminate j | irus transmission through seeds of uninoculated plants of Lychnis divaricata from flowers pollinated trom a 
nate ABLE 4 } | 


+} * pi } nild svympto nia r) , > am <* 
nhouse ea y plant, @ plant with mi uiploms, and @ plant with severe symptoms 


‘S Were Pollen from healthy Pollen from plant Pollen from plant 
made plants with mild symptoms with severe symptoms 
nd dis. seed nan anil 
iturity, Plant vermi seedling germi seedling germi seedling 
nonths. no. nation infection nation infection nation infection 
ints of 23 0.0 90 8.9 6! 14.8 
till th 2 91 0.0 97 5.2 
3 0.0 6 7.8 s sf.4 
' 72 0.0 82 4.3 
ealthy ‘ On 00 gr — 86 44.9 
to be f 83 0.0 67 10.3 y? 23.9 
we al - 76 0.0 2 26.9 71 16.9 
ge 77 2.6 70 25.7 83 18.1 
0 7% O0 70 "28.6 9 5.1 
10 6 0. 6 14.6 ou 17.5 
<s Was 
‘ds of Five f ers on each plant were pollinated from each source: 100 seeds tested from each lot of seeds from each plant. 
with : ; al 
1smis- mission was very low. In 9 of 10 plants. the virus virus lies between 64° and 68°C (Table 5 There ap- 
ating apparently did not move from infected flowers and — peared to be some loss of virus, however, even at 60°C, 
oe os enter ovules of other flowers of the same plant and there was a progressive reduction in active virus 
re at After harvest of the seeds, the tops were removed — with rise in temperature until all virus was inactivated. 
ation. and the LO plants were repotted and fertilized to stimu- Longevity in vitro.—Juice extracted from diseased 
» the late rapid growth favoring the expression of ringspot plants was placed in stoppered 50-ce flasks held at 
ht be symptoms. All the plants remained free of symptoms, room temperature \t intervals, 2-cc quantities of 
; not and no virus Was ree overed by inoculation to Cheno juice were removed and used to inoculate test plants. 
a he podium amaranticolor, thus indicating that the virus in There was considerable variation in results in the 
the polles that fertilized the infected seeds did not different tests. bui the virus retained activity in all 
ivata move out of the tops of the plants and become estab tests for at least 2 days, and in one test it retained 
smis- lished in the root system, This appeared to be true activity for 7 days. though not for 14 days. The results 
nant even in the plant in which the virus apparently did — of three tests. selected as representative, are presented 
vente invade one or more of the ovaries of flowers pollinated n Table 5. 
vee with virus-free pollen. Tolerance of dilution—Fresh juice of infected 
with PROPERTIES OF THE VirUs.—Properties of — the plants of Silene gallica was diluted with tap water and 
from Lychnis ringspoet virus were determined with juice of used to inoculate test plants. The infectivity of juice 
infected plants of Silene gallica inoculated into plants of S. gallica decreased rapidly with dilution, indicat- 
inge of Chenopodium album S. gallica appe ired to supply ing that the virus probably cannot withstand a dilu- 
lots a rather uniform inoculum, and C. albun proved to be tion much in excess of 1:2000 (Table 5) 
wa i satisfactory plant for the production of local lesions Other properties.—Tests indicate that the virus does 
fine from mechanical inoculation not survive drying in juice on watch crystals or in 
. Thermal-inactivation point.—-Juice from infected leaves of diseased plants. The virus retained activity 
wa plants was placed in small. thin-walled test tubes and with no apparent loss in seeds of Lychnis divaricata 
ins subjected to the desired temperature in a water bath and Silene noctiflcra stored at room temperature for 
for 10 minutes. The contents of the tubes were then 99? and 643 davs. respectively (Table 6). In facet, per 
mah used to inoculate test plants by rubbing Three tests cent of seed transmission showed increases in s¢ eds of 
and indicate that the thermal-inactivation point of the L. divaricata over the first 569 days of the test 
a, 6 Ducts esnat virus as detere al-le ving ine ' of plants of 
f ] rY ait a 
ed 
ted f inactivation onge i ram ot n 
| Av. no. | \ ne i \ no i 
( esions per Period aged sions per esions per 
( eaf in trials 20-247 ¢ af in : Dilution eaf rials 
9 | 2 3 
( k 12.6 165.6 f Check 6.7 19.0 70.0 (heck 16.0 16.0 124.0 
f »# 0.0 6 8 hours | 27.0 6.9 1-10 33.7 92.0) 114.7 
6: 19 39 | ay 17 97 f 1-100 1.6 19.0 5.3 
1 ,() 298.3 ( 2 davs ) 2.7 Lo 1-500 10 2.3 13 
ht OO O00 1 davs ().1 9.5 ) 1000 0.5 ) 0.7 
6! 0.0 0.0 ( 7 davs 0.4 0.0 0 2000 nf 0) 0.0 
) ri 4 0.0 0. 11 davs ( } 5000 (4 O40) 0.0 
wo 
I ited juice ft ») ea 
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ts later produced shoots from axillary buds that 
ed tree Of symptoms, indicating that the virus 
not entered the root) systen The sporadh but 
ely tast movement of the virus out of some ot 
oculated leaves suggests that the virus mav he 
to enter the phloen inder certain conditions 
of thre rus to invade the plant exte nsively in- 
ts owevel that it usually - not able to move 
listances in the phioen hbetore tis inactivates 
t esull ndicate rat thie virus may occa- 
e able to enter the phioem of some species 
nt d wove considerable distances before it 
ters thie parenetivinia ( lorotie ind necroth 
ippeared on plants of Samsun tobacco 
i some distances trom thre points of ino ila 
though the intervening parts appeared normal 
f chlorotic and normal tissues from adjacent 
Heated that thie vil -~ Was present mn COMnsicer 
centration thie hlorotic areas and absent 
reen tissue I iddition. branches wholly 
ploms were produced on some. intected 
plant: that showed marked syn ptoms on other 
\o in tests indicated that the Virus was 
n the branches that showed symptoms. 
nehes that at first were tree of symptoms 
it veloped lo il chlorot al necroth spots on 
=s or stems indi iting that the virus moved into 
hes alter hev had remained tree of inte¢ 
eariier ype ods of rowtl 
sults were somewhat similar in sugar beet plants 
plants that showed lesions on the inoculated 
iter showed lesions on uninoculated leaves 
t nstances, lesions continued to ippear on sur 
leaves for several weeks in the absence of 
ce of infection at the growing point. Usually, 
was no evidence of infection of the growing 
1 the plants eventually recovered, apparently 
ete loss of the virus In a few plants. the 
ve into the growing point where it pro 
listorted. dwarfed leaves with rings and spots 
relore seems probable that in sugar beet the 
tpable of moving sporadically into and out 
0 ind of invading parenchyma in widely 
ted area oite! ithout reaching the growing 
I thre rus i ied t ra point w 
vl roduced thereatte i iDnor i 
i- t t if (t re Overy 
- has en dete ed. the rus causes dls 
t ! ill invaded ~ste yhbacco, pet i 
/ nd spinach. and sugar beet. It theretore 
trade | il | these i 1 el J'= In se eral 
nts listributlo Tt ~ i\ ¢ ndis ited 
rately V the prese e or absence of svmp 
RELATIONSH i) HE LYCHNIS RINGSPOT 
rO OTHER VIRUSES Phe ringspot viruses, 
vy Holmes (4) 11 = genus dnnulus, have cet 
er distinctive characteristics In| common In 
- ptoms are more or less similar. no insect 
: ive been found, and infected plants often re- 


, , 
| r venhni ringspot virus seems » pe related 
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that to this group. but certain of its host plants show little conditions. The virus is therefore considered to be a 
vires evidence of recovery. previously undescribed virus belonging to the ringspot 
but In host range and symptoms, the virus differs signif group of plant viruses ' 
' 
} ings irus S scribe ) 
ie of cantly trom tobacco ringspot virus a described by U.S. AcricucturaL Researcu STATION iit 
v be Wingard (6) and Delphinium ringspot Virus as de Sauinas. CALIFORNIA ; 
ions scribed by Severin and Dickson ) 
vil Syviptoms induced on aster in | lorida hy a ringspot ‘ 
y aa 7 i : LITERATURE CITED ) 
nove virus described Dy nderson (2) are similar to those 
‘| induced © ister by the Lychnis ringspot virus. Phe | ANONYMOLS 1957 Common names of plant virus ‘ 
thermal-inactivation point of the Florida virus. how diseases used in The Review of Applied Mycology. : 
Ca- t ppl veol. 35° (Suppl 78 ‘ 
, ever. is about 10°C higher than that of the Lychnis Rev, Appl. M <golie ippl.) p. 1-78. , t, 
1es ] 7 2 ANDERSON, ( \\ 1954 The aster ringspot virosis ot 
no iris 7 < . =< «aif . . pa 
e it ringspot virus, and the host range 1s different. central Florida. Phytopathology 44: 87-92. ‘ 
— Harrison (3) recently described a ringspot virus of 5. Harrison, B.D. 1957. Studies on the host range, prop- ' 
sugar beet In England. but this rus is. soil-trans ertics and ode ot transmission of beet ringspot 
icco = ; a . Ann Rin 2. 69.179 
mitted. does not alwavs produce distinet symptoms on irus. Ann ppl. Biol, 45: 462-472. , ‘ 
ula- ; , ; _ | Hormes, F. O. 1948. The filterable viruses. In Bergey's 
1 ) t nad l ades tobaces ina lal - ‘ 
mal sugar bee : nvad - —" ’ Manual of Determinative Bacteriology, 6th ed., p. we 
cent le cally 1127-1286 Williams & Wilkins, Baltimore j 
. Fror thie evidence ivallable t appears that the » SEVERIN, HI H. P.. anp R. C. Diexson 1942 Peren : 
cer oe cf | l-delphinium ringspot. Hilgardia 14: 467-490 : 
Lvchnis ringspot virus has not beer described previ msai~( poinium rings] p* “ . 4 : 
sent ;' ie | i] +] 6. Wincarp, S. A. 1928. Hosts and symptoms of ringspot, rs 
= ously in ict. ere is stl no evidence as to oa a virus disease of plants | hee Resech S0s 107 . 
extent of its occurrence and distribution under natural 153 vi. 
cted 4 “1 
. 
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PARTIAL PURIFICATION AND ASSOCIATION OF FILAMENTOUS , 
on > . . j 1 
PARTICLES WITH THE YELLOW MOSAIC DISEASE OF BEAN fig 
Into ; 
ee }. B. Bancroft and Paul Kaesherg ri 
_ SUMMARY 
ited Rate- and equilibrium-zonal density-gradient tech though this region was not opalescent enough to 
ves. iques were partially successful in the separation be detectable visually Electron micrographs of 
aT f bean vellow mosaic virus (bean virus 2) from material from the infectious regions showed the 
of normal plant constituents. Infectivity occurred in a virus particles to be elongated flexuous rods about 
lly. lefinite region of the density-gradient tubes 20 mu wide and predominantly 790+40 my long 
we 
Ing aren 
’ 
itly BYMYV (bean vellow mosaic virus: bean virus 2 Phaseolus vulgaris L. var Bountiful). Bean was used 
the has been regarded as probably being a long flexuous is the systemic infectivity assay plant throughout these : 
ro particle De Bruyn Ouboter et al ») published a studies since this BY MY isolate did not produce local ; 
ots picture of a single long filament that they thought lesions on Crotalaria spectabilis Roth (4). Infectivity ‘ 
the might be the virus particle ind van der Want (8 issavs. in which O.O1W Na.SO. was always used as a 
out ilso concluded that the virus was filamentous. Brandes the diluent. were usually made at 2-4 dilutions he rz 
" . j j " ’ 
ely ind Quantz ,). using Johnson's exudate method (6 tween 10 ind 10-°. using an average of about 30 6! 
ing btained particles 15 my wide and predominantly 750° assay plants per dilution. Approximate comparisons of ‘ 
W- mu long from diseased plants, but t from healthy the relative active virus content of samples assayed at ce 
nal plants The present note gives confirmatory evidence the same time were mace by the preliminary estimate 
gained by electron n ICroscope and intectivity studies method af Brakke Ys Control plants were ilwavs or 
lis that BY \I\ I> indeed a fle Yueus rod l; iddition it init luded in the experiment "| 
1a. shows that the difheulties encountered puriiving by \l] centriftugations xcept preliminary low speed 4 
re standard methods can he largely overcome by using runs at about 1500 rpm. were made on a Spinco Model » 
. " ft 
ral dens radient techniques (1, 2 It leaves unsolved |. preparative ultracentrifuge. Low-speed runs wer 
. . : - t 
red the problem of hinding the h yh-vielding virus strains made at 15.000 rpm (maximum vy ilues given) tor 10 ’ 
ip- I osts and environmental conditions necessary minutes: high speed runs were made at 29.000 rpm 
for producing visible virus zones for 1 hour when the No. 30 retor was used and 39.000 . 
' 
O1 VIATERIALS AND METHODS The BYMVN was orig rpm for 40 minutes when the No. 40 rotor was used . 
“Bee nally solated from red clover ind cross-protected Densitv-gradient rate and « juilibriun zonal centrifuga ; 
er- ivainst a Known strain.- The virus was grown in bea tions were performed at 24,000 rem with an SW 25.1 
[n- rotor by the methods of Brakke (1. 2). Phe solvent ‘} 
ct _Accey Hee es tion May od : : ised for the sucrose and plant samples was 0.01V 
re- ural Kxnerimant Station. Lataveti a Na. SO The tube temperatures reached about 18 °¢ . 
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é Pance 2. -Infectivities of preparations removed trom den. 
£ or sityv-gradient tubes alter equuiortum-zona cen. 
rifugation 
R 
0 
les Relative 
Centrifugation Distance from Infectivities 
lir.? tube bottom (mm) j 
’ | 25.40 0 
20-24 100 
16-19 i 
iM) 22-26 t 
\ ) | 19-2] LOO 
16-18 \y 
6.9 20-23 
) 16 19 LOO 
14 16 84 
) 20-23 2 
16-18 loo 
Lt 16 4 
J f ! ’ 24.000 rpm 
| t voin Actual measurements were taken trom the bottoms of 
| the tubes because o1 evaporation that son nes occurs 
| cted 
during long periods of centrifugation Approximate con 
versions to give readings from the meniscus can be ob 
tained by subtractin the given distances tro fo] 
~) i 
i ! th i to on third of VITts ¢ yuld hye expe ted hy The how 
re thre inced speed centrifugation, 
enized Waring Initial clearing methods tested involved freezing 
Vy NaosO ere acaded chloroform-butanol extraction (7). heating 10 minutes 
‘g is tests i o0 C and 4 minutes at 40°C at pH values of 6, 7, 
| : ind 8 (2 All techniques resulted in a loss of infe 
10) it t 15.000 — tivity, and none resulted in the appearance of a visible 
kely regate virus zone in the rate tubes. undoubtedly because the 
OW Na.SO.. water virus concentrations were not high enough to give light 
) A lo e quarte) scattering greater than that occurring in the regions 
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Virus particles shadowed with uranium and photographed with a Siemens Elmiskop I 
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above and below the infectious region. In the experi- 
ments reported below. centrifugation was the prelimi- 
nary clearing method employed. The extracted juice 
was first centrifuged 10 minutes at 1500 rpm. Phe 


supernatant was then further clarified in the Spinco, 


and this step was followed, depending on the amount 
of tissue involved, by one or two cycles of differential 
ultracentrifugation. The supernatant from the final 


low-speed run was subjected to rate-zonal centrifuga- 
tien 

Rate-zonal centrifugation.— Regardless of the amount 
of tissue used. in all the nine runs assayed, little or no 
infectivity was found in the region between the 
meniscus and 25 mm below the meniscus. Most of the 
infectivity was found in the 26-36-mm region. The 
region below this usually gave little infectivity if low 
concentrations of clarified material (i.e.. the material 
10 » of tissue in each tube) were used. Whe 
larger amounts of tissue were involved, the relative 
infectivity further down the tube increased (Table 1) 
Electron micrographs of samples removed from these 


infectious areas revealed many long flexuous particles 


mixed with amorphous material Phe particles were 
not present in the noninfectious healthy plant samples 
take from the same tube level although the imorphous 
material Was present. These flexuous rods, which 
were invariably associated with the infectious unit 
when separated or concentrated by physical means. 


had a uniform width of about 20 my. It was difheult 


7 


to measure their lengths accurately because most o 


‘ 


the particles lay straight for only a small portion of 


their leneth However. about 75 of them were 
certainly 790+40 my long. and another 15‘ wert 
twh His length 

Equilibrium-zonal centrifugation.—kive-ml samples 


from the most infectious region of the rate-zonal tubes 


were used for equilibrium-zonal centrifugation. At 
least 6.5 hours were required to reach equilibrium 
Table 2 \ green layer was noticeable in both con 


trol and virus samples. but below this region for about 
mm. a very faint opalescent zone was sometimes 


see! I he virus tubes that was not present in the 


control tubes. These two regions were noninfectious 
in the control tubes, but they carried nearly all the 
infectivity, in approximately equal amounts after pro- 
longed centrifugation. in the virus tubes. Electron 
mit rographs taken of these two lower regions showed 
that flexuous reds and much non-uniform amorphous 
material were associated with the green laver, whereas 
the lowest region contained flexuous rods with very 
littlke amorphous material (Fig. 1). When the in 
fectious material was removed, concentrated, clarified. 
ind recycled on a rate-zonal tube, no opalescent zone 


was visible. 
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itions im virule ( ») resistal r suscey 
4s t amateo plants were 0 single larva cul 
mm the new populatio f M Og au 
; However, a few offspring of all cultures 
} ped tron single larvae I the irent popula 
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STEP (Seuthern lomato Exchange Program) 174 


nd one resistant Hawaii 5229+. 


ill 


Plants for use In most gree nhouse studies were grown 


transplant size in sand in flats and watered with a 


itrient solution described by Hoagland ind Arnon 


1] Plants in the 2-4 true-leaf stage were trans 
inted toa potting mixture consisting ot d parts soil 
to 2 or 3 parts sand. The soil was fumigated with 


ethv| bromide at the rate of 3 Ib. per 100 sq. ft. of 


Six-inch pots were used in most greenhouse 


Root-knot nematodes used in these studies were 


WV neoenita incognita, WV. incognita acrita, and V/ 


renaria arenaria.  Inoculations were usually made 
with larvae These were obtained by placing egg 
ysses in water and allowing the eggs to hatch. The 


irvae were picked out. counted, and pla ed in vials 
oom temperature for use in ined itlations Inox 


lated plants were maintained at a greenhouse tem 


perature of 25-32 °( Root-knot examinations were 
isually made } months after inoculation The soil 
was washed from the roots In running water. Disease 

=< were based on the amount of galling and on 


egg mass production: 0. no galls and no egg masses: 


few galls and no egg masses: 2. moderate ga!ling 

1a few egg masses: 3. moderate to severe galling 
id numerous egg masses: 4. very severe galling and 
large. numerous egg Masses. 


Penetration of STEP 174 and Hawaii 5229 by M 
ncognita incognita larvae was studied by examining 
iterial killed and stained at various intervals after 
oculation The acid-fuchsin-lactophenol technique 


lescribed by Goodey (10) was used kor histological 
studies the roots were changed from lactophenol to 
listilled water. and then dehydrated with dioxane as 
ibed by Goodev (10). The procedure outlined 
for infiltration. embedding. sectioning 

uunting. and staining (safranin-fast green) was used 

In the st idies on the de velopment ol nematodes in 
esistant plants the roots were killed and = fixed = in 
Craf II reagent (17 


ethanol containing 2 ml of a 1% solu 


Phe roots were then placed in 


tion of acid: fuchsin 12 ) They were dehydrated and 
eared by a short ethanol-xylol series 
(gain the procedure outlined by Sass (17) was used 
infiitration embedding. mounting and staining 
The safranin-fast vreen stain Was ised. Other ma 
ils and methods related to specific experiments 
connection with the description 
Ihe experiments concerned, 
EXPERIMENTAL RESULTS.—Location of resistance 
Whether the factors for resistance or susceptibility 
were localized within the roots or present throughout 
he plant. was investigated Reciprocal approach 


+? } ’ 


oralts between resistant and susceptl ble tomato lines 


STEP 174 was de veloped by C. F. Andrus. of the Sout! 


eastern Vegetable Breeding Laboratory. irleston, South 
Carolina 

‘Hawaii 5229 was developed by J. C. Gilbert and I), ¢ 
MeGuire at the Hawaii Agricultur Experiment Station 


Honolulu, Hawaii. 


were used. There was a period of 2 weeks between the 
removal of the unwanted stock and scion and the inoe- 
ulations with larvae of M. incognita incognita. Root 
inoculations were made by placing about equal quanti- 
ties of infested soil into each of the pots. Leaves were 
inoculated with larvae by a method described by 
| inford { l } Je 
resistant plants: 2) 


<C}ONIS: +) 


Four types of plants were tested: 1) 
resistant stocks with susceptible 
susceptible stocks with resistant scions: 
ind 4) susceptible plants. Inoculated plants were kept 
n the greenhouse at about 30 ¢ 

Phe roots of 8 plants of each of the 4 types were in- 
oculated., 
ind of resistant stocks with susceptible scions had 


After 8 weeks the roots of resistant plants 


very few or no galls Conversely, roots of susceptible 


plants and susceptible stocks with resistant scions 
showed severe gallings, 

Leaves of each of the 4 plant types were ino ulated 
n 2 tests. In the first test. 10 each of susceptible and 
resistant plants and 6 each of the grafted plants were 
inoculated. In the second test. 10 and 5 plants, re- 
spectively, were inoculated. No leaf galls formed in 
either test on resistant plants or on resistant scions on 
susceptible stocks. Of the 10 susceptible plants in 
each test. 7 had galls in the first test. and 8 had galls 
in the second test. Of the susceptible scions on resist- 
int stocks. 4 of 6 had galls in the first test. and 4 of 
» had galls in the second test. 

Penetration studies.—Studies were undertaken to 
determine whether larvae of M. incognita penetrated 
Hawaii 5229 roots as rapidly and as abundantly as 
they invaded STEP 174 roots 


vy placing them on a dry filter paper in a Petri dish 


Seeds were disinfested 


containing a second filter paper to which 2 drops of 


Panogen (evano (methylmercuri) guanidine). had 
been added. After 24 hours the seeds were removed 
to other Petri dishes containing moist filter papers 


ind were germinated at 24 ¢ When the primary roots 


) 


were 1-2 in. long. 2 


seedlings were placed in each of 
several Petri dishes containing moist filter papers, The 
root tips were covered with fine sterilized soil (150- 
mesh). and 100 nematode larvae in suspension were 
The seed- 


lings were maintained at 24 ¢ Roots were removed 


svringed onto the soil around each root tip 


if 24. 8. 96. ind 144 hy ut. ind were stained in hot 


icid-fuchsin lactop enol and destained in cold lac- 


Dvarne l. frerage 7 mber ot / neogznita incognita larvae 
penetrating resitstar Hawaii 2279 ar susceptible 
STEP 174 tomato seedlings 


- 


ge number” otf larvae 


per root if 
24 18 96 1t4 
Plant Pest hours hours hours hours 
Hawaii 59229 l 9 29 94 7.1] 
STEP 174 2.6 io 14.0 12.1] 
Haw ill 9229 2 Z } 14.7 0 39.7 


STEP 174 2 4.3 16.3 H14 11.9 


The numbers of larvae that entered the roots of the two 
ito lines were not significantly different Each figure 
represents an average of 10 roots in test Ll. and 15 roots in 


test 2 
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topl ( irtially of inoculation. The number of larvae penetrating in. 
nside the itole ere were creased with time up to 144 hours In 2 ino ulation 
% f larvae experiments the percentage of larvae penetrating was 
| F iven larger in the second than in the first. The difference 
found was probably due to the method of examination; 

Roots of bot rated wit ours In the first inoculation the roots were retained intact 





Fig. l. The react STEP i \f ind Hawa 229 b.1) tomato roots to invasion hy WW. incognita incognita 
lurvae A.B) | t «.D) i } 
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for histological studies). examined in toto. and only 
nematodes clearly seen were counted: in the second 
test the roots were dissected to make counts mort 
mplete Observations of live unstained root rips re 
wndl ij that the areas around the nematodes in resist 
nt roots were necrots The cells and their contents 


were brownish and the protoplasm was coagulated 


into a mass in the center ot each cell Therefore, 
histological studies were made of these tissues. Por 

tions of the roots containing nematodes were embedded 
in tissuematl sectioned, and stained with safranin and 
fast green. The tissues surrounding the nematodes in 
resistant roots were very deeply stained with safranir 

At the 24-hour incubation period the deep red areas 
were mostly around the anterior end of the larvae 
(fF 1-5 \s the incubation 


extent of the deeply-stained areas increased. No dee 


red areas were observed around larvae in roots of sus 
ceptible plants at any of the intervals (Fig. 1-A 
Giant cells could not be found in any of the resista 
roots | o. 1-D . but were easily discernible I sus 
cept e roots trom the 96 ind 144-hour intery 

Fig ( 

Larvae were teased from live roots at vat is inter 
vals iscertain their viability. irvae taker ire 
resi- t roots 48 hours after 0 m wer t 

ve nd when punctured wit! eed 
the tents gushed out. H er, larvae 1 
! ots Yb rs ite lat é 
ne 1 apparently d | | vdy k 

iD ol nermatre s s 
| eproductio ot eact I Vi 2 
galls re roduced resemble st suscept 
ve t il struc res 0 t Seedlings 
sal | pots were ted with 200 VV 
! | ervals. ¢ p! t I ¢ t it @€a 

1 the roots were killed and fixed 
( | torn if T Ww = { m-1dert! t in T 5) &.. oT 
H On ts 19 davs after inoculatio I ile 
> were pparently iture t ego masses 
we ‘ Galls on STEP 1741 = of compa 
12 r, but egg sacs were forming. At 2¢ 
davs yy sacs were forming males in Ha 
29 Egg sacs in STEP 174 roots ned ma 
ous { fully formed firs ir second-stage 
rental population 1 ed on STEP 
74 . 1 pop latior f VM gnil OgT 
I t maimtained tor 15 . 0 Haw 
22 ’ ts. STEP 17 Vas culated th 
jpulation, and both STEP 174 and 
H 229 ulated with the 1 
L 
H 29, | ile development lege | 
“ Oopulations and o vot s were s] 
t re sly described for the ental | 
t STEP 174 plants. The n : 
= ’ H W ; ts l¢ I, | 


as rapidly on either host as did the parental popula 
tion on STEP 174 

Culture of nematodes on resistant plants The 3 
V eloidogvne subspp. to which Hawaii 5229 is resist- 
ant were known to produce on this tomato breeding 
line to a very limited extent. The virulence of progeny 
from nematodes that developed on resistant plants 
Was theretore compared with the virulence of the 
original populations. Only M. incognita incognita, M 
nceognita acrita, and M. arenaria arenaria were in 
cluded in these studies 

Hawaii 5229 plants were transplanted into nematode 
nfested soil At 3 months. the roots were examined 
for root-knot severity and the roots and soil were 
ised to inoculate other Hawaii 5229 plants. In sub- 
sequent inoculations, egg masses were collected and 
larvae were allowed to hatch. Plants were inoculated 
vith about 200 larvae each and were left for 3 months 
before root-knot indices were obtained. All tests were 


replic ited 4 times 


Very few galls were found on the plants after initial 


oculation. However. galls became more numerous 
with each successive transfer from Hawaii 5229 t 
Hawaii 5229. The root-knot indices in the initial i 
oculation were W/. incognita incognita, 1.0: M. incog 


nifa acritd. 0: VM. arenaria lrrenaria, | 9 After the 


third transter the respect e indices were 3.8. 3.5. and 
0. Hawaii 5229 had ttle resistance to these latter 
populations. The population built up and maintaines 
on Hawaii 5229 plants were designated as B popula 
s. and the origina spulations maintained or 
susceptibl pla = were desig ed as A poy lations 
The virulence of the A nd Bb populations was con 
red on Hawaii 5229 1 STEP 174. 16 plants ea 
P| nts of each tvpe \ t ited wit irvae «aft 
of the 6 populations. Results of this test are 
tained are illustrated in Fig. 2 Pop ilation A of eacl 
subspecies was less virulent on Hawaii 5229 than was 
the B population. M. incognita acrita A and M. ar 
naria arenaria A were more rulent on Hawaii 5229 
ian VW. incognit genita A. The B populations were 
is virulent on Hawaii 5229 as STEP 174. On STEP 
174 the A populations V1. incognita incognita and 


0.0 569 13 + 1.94 
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M. incognita gnificantly more virulent STEP 174 

(at the 5 level) t the B populations as deter- Tests were made to determine the virulence of the 

mined by the ¢ tes enificance In subsequent B populations on susceptible varieties of other crop 
’ tests. B populations maintained continuously on Hawaii plants, and to determine if this factor would be altered 

5229 plants were a rulent as the A populations on by maintenance on susceptible plants. Dixie Bright 
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|.: Perkin’s Mam 
esculentus L.: Model 


sativa L.: and STEP 174 tomato 


? 
“0 


ere determ 


B popul itions were 


the B populations 


ned ) months atter 


= ot H iwall 9229 and 


17 tomatoes ind tobac ’ were ryan tlated 
irvae take from egg masses tormed on tobacco 
i! ns were made with inoculum pro 

n okra icumbet ind STEP 174 tomatoes 
pe lation Was replicated 5 1 = on each erop 

were transferred at 3-month intervals Viru 
to Hawaii 5229 tomatoes was not decreased whet 


|. 2. or 3 transfers) on susceptible plants 
Boof M. incognita incognita was the least 
e | populations on okra howevel! ill 
vere root-knot 
varieties of other crop plants were mnocu 
V neognita acrita i Plants were grown Il 
t=. and 500 larvae were placed in each pot 
ested were Coker 139 to o: NC-2 pea 
‘ ogea L.: Fulgrain oat frena sat 
wheans. Glycine me | Merr.: Rowan 
Les eza stipulacea Max “Goatweed— 
ns m sp line 405B fror Ww. W Hare 
State College crotalatr Crotala 
\labama No. 1 pole snap) Phaseolus 
Iron cowpea }iena Si/ s | Endl 
strawberry, a Fragaria sp. A few galls 
te imber of mature ey - wilh egg 
found on cowpea separate exper! 
es of tron cowpeas we rhe lated witl 
t \ ind Bb populati ms Both nematode 
eproduced moderately on each line. No 
les were fe ind «1 \ wher resist 
=fe¢ 
( s Since ) pulation- 
d from the A populations. it was probabl 
! r pat Lt ! ( ed within. the 
ns \ study sus | iscertall 
Single-larva ms were used 
select populat : it differed 
i ! 1229 and STEP 174 ifoes were 
Pet dishes. Single seedlings were 
ther Petri dishes containing moist 
The tip of each root was covered wit 
-ses each of the A 1 B popula 
name , ed in B.P.I 
t ue mass ye “ vlass \tte 
i dividual lat vere picked © 
ette and one lat 1s placed in the 
each primary reot tip | ette Ww 
larva Was ef} t | ilants ea 
9229 1 STEP ] ~ were inocu 
t i egg mass of e B lator | 
e STEP 174 line wer lated frot 
ss of the A population. After 48 hours at 
re the seedlings ransplanted 
uret - t i at wout 24°¢ 
< < i t ‘ 


free of soil, and egg masses were picked from galled 
roots for use in further studies Nine Hawaii 5229 


plants and 3 STEP 174 plants became infected by in- 
dividual larvae of the B population 

Larvae from infected plants were used to inoculate 
other Hawaii 5229 and STEP 17 
of each tomato line were inoculated with 500 larvae 


from each infected plant At 2 months, all Hawaii 
| 


t plants. Five plants 


5229 plants inoculated with larvae of population B. 
whether derived from Hawaii 5229 or STEP 174 
plants. had root-knot indices of 3-4. Hawaii 5229 plants 
noculated with larvae of the A population collected 
from STEP 174 rated 0-1. All 9 A’ populations re 
OQ 


produced to some extent on Hawaii 52 Phe disease 


ndices of these populations on STEP 174 plants were 


Vo phological studtes will nematodes oft the R pop 


‘dations, Several perine il patterns of eacl 


species 
were examined and identified. In B populations this 
character conformed morphologic illvy within the range 


of variability for the species. Few patterns of any of 


the B populations howevel onformed closely to the 
species type Almost ill of the patterns had more 
irch than is characteristic of W. arenaria arenarta 


These arches were not as high as those characteristic 
Confirmations were made by Dh J. N. Sasser. North 


Carolina State College 


Since all the patterns were very similar, a_ host 
<tudvy was made with WM. incognita acrita and M. are 
nariad arenariad, The hosts used included “weet potato 

is susceptible to the former and resistant to the 
latter. ind peanul which has the reci prog il reaction 
These hosts were inoculated with | ith popul itions of 
V/ neognita acrita ind V/ aqrenaria arenaria, Fight 
weeks after inoculation. peanuts were not galled by 


either thre \ or B populations ot the 


’ 
subs pec les 


Sweet potatoes were severely called hy both popula 
tions of M. incognita acrita, slightly galled by WM. are 
1 


narid arenaria B ind not ¢ illed hy i. arenaria are 


Vie istuurements were made rT larval lengths I 


lasses Of both }) nD 1 itions of VJ mcognita incognita, 


V/ arenaria arenaria. ind VJ iIncognila acrita were 
collected from tomato roots, placed in water and held 
it room temperature \t 48 hours and 14 days. 25 


irvae of each were prac ked out p! ced or i slide ma 


kK led by venths eat o \ camera lu ida sketch was 
made of each larva ind larval lengths were caleu 
ited om these dra nes Palle > 


ly il] cases, larvae of the A populations were Sig- 


nificantly longer than those of the B > populations 
| irval leneths ot V neognita incognila \ were not 


Lifte rent trom those ot VW. ine Ognita acrita \ but hoth 
vere sionifiicat thy shorter tl i! VJ arenaria arenaria \ 


larvae Larval leneths of the ; B populations were 


In a subsequent test. VW. incognita incognita B larvae 


ere harvested fron STEP 174 ind Hawaii 5229 
ints ind M neognita incognita A larvae from 
STEP 174 plants. Larval lengths were compared at 








t + 1OO 295-4] (4 299 453 
I tat si 4 le Oy! 
1] 19 
22 es are resistant: pop mn iB cates 


pop- 


STEP 174 plants did not take the = stain When 


noculated fresh roots were torn apart. the tissues 
ound the nematode were observed to he necrotic. 
= hypersensitive reactlon was evident as 


early as 
| hours after inoculation. Dean and Struble (6) 
ound that necrosis in resistant sweet potatoes ap- 
peared within 48 hours 
Previous writers (3, 5. 6. 13. 16. 19 postulated 
that larvae that penetrated resistant roots died of 
starvation In these studies. larvae ippeared to be 
dead within 96 hours. Larvae left in water at room 
temperature remained relive ar > Or more weeks, 
This difference may have been due in increased 
expenditure of energy by the larvae during penetra- 
10 If this occurred ind the larvae could tay 
shment. they possibly could have starved it 
e shorter period. However. it seems more p able 
fe cle ith ot root tissues Wiay ive erie ited 
released substances that were tonxie to the t i 
les and quickly brought ibout their death 
\ few larvae occasionally develop t nat \ 
ol resistant plants Furthermore. progeny of 
ematodes that developed on Hawaii 5229 plant- (the 


B populations) did not in 


- 


persensitive re 

ictal Pherefore the reac ie substance Was ap- 
parently not specihe tor the presence the nematode 
uit only to larvae of the A pop ilations This s ests 
that most larvae of the A> populat ~ excre some 
substance that reacts with substances with the plant, 
esulting in tissue necrosis. Shibuva 19 sugested 
hat the difference between resistant 1 stscept ile 
-weet potatoes would be found in the protein fraction 
his may be true for tomatoes also Nematode inv ae 
of the A populations may secrete ao substar that 
vagulates the proteins of resistant 


<1] ‘ | ” =f \ 
, , ] 
rroduct toxic to the nematode 1 e torn a 
' | Le gt} y V/ 
{ and B pop 
Poy rr Popula \ 
Ha 229 STEP STEP 174 
ey % ' 
| Ay | ; ry + 
LOO i" {ie ) MM)? 
S|) ) betwee t| ie oO} itiens nta n 
n poy 
Hay 229 and STEP 174 and between A and B ] 
‘ iintained or STI |? 
| 1 A indicates tl | ch Hawai 
p ! . re re l i . 2 Te - ( he 
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would explain the early death of the larvae. The pro- 
tein system has been used as an example and may not 
be the affected system: nevertheless, the over-all 
reaction is lethal to the cells surrounding the nema- 
todes and to the invading nematodes. These studies 
did not elucidate the nature of the physiological or 
hiechemical factors associated with resistance; how- 
f specificity in- 


ever. thev indicated the high degree 


volved. 
Phvysiologi races of root-knot nematodes have been 
observed previously (4, 5, 15. 18). but no reference 


to the selection of new strains from greenhouse cul- 
tures was found in the literature. A few larvae of the 
>» subspecies tested developed and reproduced on 
Hawaii 5229 tomatoes. These were built up within 1 
vear into populations that readily parasitized Hawaii 
5229 tomatoes. These populations are physiologically 
distinct from the parent populations and are = con- 
sidered to be new strains. These new strains were 
just as virulent on susceptible tobacco, okra, cucumber, 
and tomato as were the parent populations. However. 
neither the A or B population of the peanut root-knot 
nematode. VW. arenaria arenaria, was pathogenic on 
peanut. Maintenance of the new strains on these sus- 
ceptible plants for 3, 6, or 9 months did not affect 
their virulence to Hawaii 5229. Therefore. the change 
to new strain was not caused by the resistant plants, 
but the plants served merely to screen out the indi 
viduals with the inherent genetic ability to develop in 
the presence of the Mi gene. The new strain or pop- 
ulation should be considered genetically stable. The 
specialized nature of these new strains is indicated by 
their inability to parasitize resistant varieties of other 
crop plants. This also indicated the specialized nature 
if the factors controlling resistance. Strains of root- 
knot nematodes have recently been observed jin the 
field in Hawaii and Australia (personal communica 
tions with Dr. J. C. Gilbert. University of Hawaii. 
Honolulu. and Dr. R. D. Brock, Commonwealth Scien 
tie and Industrial Research Organization. Division of 
Plant Industry. Canberra. Australia) that attack 
tomato plants carrying the Wi gene for resistance. as 

Hawaii 5229. 

Perineal patterns of each of the 3 new. strains 
differed from those of the parent populations. The 
lifferences were not sufficient to exclude anv of the 


new strains from the parental type. The differences 
fell within. the range of previously observed natural 
Variation within each subspecies. but weve more con 
sistent. The patterns found in each of the 3 new 


strains were more similar to each other than to the 


The larvae of the new strains were significantly 


shorter than those of the parent populations. There 


were o significant differences among the 3° new 
strains in lengths of the larvae. This. along with the 
similarity of perineal patterns. suggests that the 3 
trains mav be more closely rel ited to each other 

in each to its parent population. MW. incognita acrita 

B more nearly fitted its species characteristics than 


! 
did VW. incognita incognita B or M. arenaria arenaria 


\ few mature females with egg masses developed 
on the roots of tomato plants carrying the Mi gene 
for resistance with each of the 9 single-larva cul- 
tures of M. incognita incognita used in these studies. 
Furthermore, all populations of M. incognita incognita 
\. M. incognita acrita A, M. arenaria arenaria A, and 
VW. javanica A tested by the authors on tomato plants 
carrying the Mi gene for resistance have reproduced 
to a limited extent. It appears that the potential 
genetic makeup that enables Meloidogyne sp. A to 
develop into populations of Meloidogyne sp. B is wide- 
spread. Other workers (1, 2, 8, 9) have also noted 
the formation of a few females with egg masses. 

\ report of variation in the genus Meloidogyne in 
pathogenicity, virulence, morphology, and other char- 
acters is neither new nor unique, In this report, how- 
ever, the variation in pathogenicity is specific for a 
particular gene Mi found in tomato. Furthermore, 
this specificity was associated with certain morpho- 
logical characters, and all were found within 3° sub- 
species. As an increasing number of variants is found 
within and among the various species of Meloidogyne, 
the need for more precise work on variation and for 
better understanding of the basic mechanisms of vari- 
ation becomes increasingly evident. 
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it 
nematode of spores of T. cerebrina, T. fusca, T, guyotiana, and — spores on agar, but increased germination manyfold } { 
lots. Phy. T. holci (West.) DeToni at 5°C. Das (3) germinated on soil. Soil apparently stimulated germination in 4 
ee spores of T. holci by subjecting them to pretreatment — some mannet in the presence of light. i) 
le iniens in 106 bleaching powder and then incubating 5-7 In a later experiment, dwarf bunt spores were placed Pe 
; davs at 1-3° in the presence of light. and subsequently — on the following substrata and incubated in the pres- "yy 
to species fer about 2 days at 18-20°. ence and absence of light: 1) 2° water agar in cul- 
116, MATERIAL AND METHODS.—-Spore material of 12 spe ture dishes; 2) 2°) soil-extract agar in culture dishes: aH 
i: aoe cies of Tilletia was obtained from G. W. Fischer or col- 3) field soil in preparation dishes; and 4) vermiculite q 
ests. Phy. lected by the authors from cereals and grasses in the in preparation dishes. Four containers of each sub- in 
Pacific Northwest. The following species were studied: — strate were put in each chamber. Estimates of germi- 
n peruvi- Tilletia asperifolia, T. asperifolioides G. W. Fisch., T. nation were made after 2 months of incubation. The Ws 
eae hromi-tectorum J. Urries. T. caries, T. cerebrina, T. | experiment was run in 1955 and 1956 with current- ") 
contraversa, T. elymi, T. fusca, T. guyotiana, T, holci, season spores of the same collection of dwarf bunt Wee 
T. pallida G. W. Fisch.. and T. serobiculata G. W (designated No. 32, originally from Nephi, Utah). i 
Fisch. The results are summarized in Table 1. ie 
All spores used in these studies were removed from It is apparent that maximum germination of spores ae 
the sori, surface-sterilized 1 minute with a 5° solution of T. contraversa requires a combination of light and Hie 
ef Clorox (5.257 sedium hypochlorite), washed in some soil factor or factors. This confirms results ob- eh. 
sterile distilled water. and placed on substrata suitable tained in Germany by Gassner-Hoechst (5). Boning, ae 
for germination: 2 and 3°, water agar. 2© soil-extract Wagner. and Minckwitz (2). and Baylis (1) in oda 
agar (8). soil (Palouse silt-loam), and vermiculite. Canada. It is also apparent that spores of the same % ‘A 
The agar was carried in culture dishes and the soil and accession of dwarf bunt may vary in germination in wid 
; vermiculite in preparation dishes. Any deviations will the absence of light and the soil factor if collected ! ot 
with he noted in connection with the results of the experi in different vears ey, 
USCA ‘ : ( 

‘ ments involved. In these and later experiments, germination was “Ae 
nina- In this paper, optimum temperature for germination high when the spores of dwarf bunt were placed on “ ’ 
cone - regarded as that temperature at which germination soil extract agar in the presence of light. Accessions of 1% 
Hlec- is maximum with minimum incubation. spores that germinated only a few per cent on a water Men 
ra FACTORS AFFECTING GERMINATION OF SPORES OF TH agar medium. and then only after prolonged incuba- “don 
‘er. LETIA) CONTRAVERSA, \ttempts to germinate spores tion, germinated abundantly in light on soil-extract hg 
17. of the dwarf bunt fungus (Ti//etia contraversa) in the agar in 1 month to 6 weeks. This greatly facilitated fo 
Nicu laboratory over a three-year period have given incon hielogical studies of dwarf bunt that required large ag 

sistent results. Degree of germination varied not only quantities of germinating spores. 
between accessions but also from year to year with The exact nature of the spore-germination stimulant 
the same accession. For example. the spores of an ac- in soil has not been determined. Because it is present 
cession from Wasateh wheat from Kalispell. Montana, in soil-extract agar. which contains the filtrate obtained 
. failed to germinate. whereas those on Turkey wheat by pouring boiling water over field soil, the substance 
lilletia from Nephi, Utah. germinated readily under the same is evidently soluble in hot water. Spore germination 
study laboratory conditions. Spores of the latter accession is more dependable on soil-extract agar than on soil, 
le only germinated well in 1954. but in 1955 failed to get possibly because of the difheulty of controlling soil 
found minate under seemingly identical conditions. The moisture. Also, spores on agar can be surface-sterilized 
2) are technique generally consisted of placing the spores on and remain free of contaminating organisms during in- 
known ? agar in culture dishes at 5° in an unlighted in cubation. and are more easily removed for inoculating 
MaXt- cubator, Therefore. a study of the influence of certain seeds and seedlings 
environmental factors on germination was undertaken 
spore to develop a more reliable method of germinating the Parte 1. Percentage germination of spores of Tilletia con- “NT 
tradic- spores The factors considered were light and sub traversa after 2 months’ incubation at 5°C on 4 sub Rite 
fusca stratum. since these had been shown by other inves strata, under conditions of light and darkness. ay bs 
ter 17 tigaters (2. 5, 12) to influence spore germination i , bbe 
op of European collections of Tilletia contraversa. Year poranansen yer 
inated In the experiments with Ti/letia contraversa, spores Wo Light Dark my 
rifolia were placed on various substrata and then divided into ; 4 
et. & 2 groups: one was placed na chamber with a glass 1990 r! 
pm at lid. so as to admit light (either daylight. artificial bs Bes 9 - he 
: = = oll-extract agar OY 1 Vey 
m oon heht. or both): the other was placed in an identical | d se l te 
Siang chamber with light excluded. In both chambers the Vermiculite i vi 
wate! lemperature was generally maintained at 5°, though it 1996 ‘i e 
weeks ionally fluctuated between 4° and 9 eae age 75 2 
Soll-extract agal vos 
were ln the first experiment. the spores were placed o1 Field soil wo ‘| Me 
ifter 2 igar in culture dishes and on field soil in prepara Vermiculi U 0 onl 
rator. tion dishes ind incubated in the chambers for 1] Average of 4 replications J 
lation month Light had little effect on the germination of Lecs than ] 
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‘ 
neubators. The spore accessions had been stored in for varying periods (4-10 years). In addition, some 
i . , ; 1a 
envelopes at room temperature for 4-10 years. of the species were represented by very few accessions, f 
With most of the species, 5° proved to be more which may or may not have been typical of the species Wey 
; . n : aie 
- ~ wworable for germination than 10° or 15°. Germina- as a whole. pis 
tt if ahaa = ; iad = F) 
tion at > occurred after 2-4 weeks of incubation in Therefore, to determine whether the variation en- / 
Tilletia caries from Agropyren trachycaulum (Link countered was due to temperature alone, 3 species of yo! 
j ’ ° ' ’ 
Malte. 7. contraversa from A. intermedium, A, sub-  Tilletia for which a number of current-year collec- pire 
? ° 
- secundum (Link) Hitehe.. Arrhenatherum elatius (L.) tions were available were selected for study. Spores "ea 
Pres]. wheat, and rye: 7. elymi from Elymus glaucus — of T. bromi-tectorum (37 accessions) and T. guyotiana 
Buckl.: 7. fusca from Bromus ciliatus L., B. mar- (14 accessions) were incubated at 2, 5, 10, and 15 
natus Nees. F. pacifica Piper, and F. octoflora Those of T. fusca (11 accessions) were incubated at 
Walt.: T. asperifolioides from Muhlenbergia filiformis 5, 10, and 15° only. The data obtained are too exten- 
Thurb Rvdb ° ‘i scrobiculata Irom Poa secunda i to reproduce in entirety. However. the germina- 
Presl: and T. holct from Holcus lanatus | Spores of tion behaviors of representative spore collections of T. 
T. bromi-tectorum from Bromus tectorum L, and B. — bromi-tectorum are shown in Table 3. 
vgidus Roth germinated in less than 2 weeks at 5°, \s exemplified by results obtained with T. bromi- 
Spores of T. guyotiana from Bromus japonicus tectorum (Table 3), individual accessions within all 
it ! Thunb verminated faster il 10 but had much higher three species showed considerable variation in the M . 
tion j 2 Pigs | lat 
it we germination percentages at o / cerebrina from time required for germination as well as in capacity to , 
. as , ° ° = . 
. * Deschampsia elongata (Hook.) Munro & Benth. ger- | germinate at various temperatures. The optimum tem- ye 
it : - ‘ - ‘ ” ‘ ~ ‘ 
nated equally well at 5° and 10°, requiring less than perature was 5°, but high germinations were obtained Wid 
ed may : : Fs ‘ : : r vie 
Hoy (0) davs’ incubation at either temperature. Optimum at 2° after longer incubation. With the majority of mh; 
ow 
— emperature for T. asperifolia from Muklenbergia as accessions, no germination occurred at 10° or 15°, and es be 
a nerifolia (Nees & Mey.) Parodi was 10°. T. pallida in no case was maximum germination attained at vos 
ate : 3 ‘ 
from Agrostis canina LL. germinated only at 15°. these temperatures. In at least one accession of T. ® ha 
ILLETE During the study just described. considerable varia- guyotiana germination was initiated sooner at 10°. but A) dy 
! ‘ = a . . . -_ i 
I, tien was noted in the time required for germination later reached higher germination percentages at 5 wee 
na : , : é “~ 
lillet of a given species at a given temperature. Whethet and 2°. Germination of 7. fusca was lower than that / Di 
igar j such variation was due to a differential response of of 7. bromi-tectorum or T. guyotiana, in some cases ‘th 
- ] a ° ~ = ° . * hee 
— species and accessions to temperature could not be — being only 1° after 57 days of incubation, jit 
i “i ét 
detern ined. because the colleetions had been stored In veneral. spores al 7. hromi-tectorum germinated ‘ 
4 
me wie 
Pance 4 Germination of spores of 9 species of Tilletia at 5° in greenhouse and incubator P ty 
‘ _*e 
. . ‘¢ ‘* 
Spores % germination at indicated days of incubation" Bibb. 
diy 
Co Year Greenhouse Incubator ry ye 
ne Species col 13 20 25 34 14 6 10 20 25 34 tt 5 ay F 
qe3 
177 T. asperitolia 1956 s() 754 10 7544 j bd 
1I566) OT. bromi-tectorum 1957 5 70 78 804 ‘4 
168 T. hromi-tectorun 1956 +6) 75-44 1) i5+ ‘4 
172 ] bromi-tectorun 1956 7 Q5 7 me p 
2 174 7. bromi-tectorun 1956 5 75+ 5 7544 " \ 
175) OT. bromi-tectorur 1956 0 20 0 73-4 0 4 iat “i 
: ips ae mt . . + 
» T. bromi-tectorur 1957 18 80+ ) 93 oF By 
88 7 romi-tectorun 1957 83 85 65 93 “ 
lf ] é 1957 io+4 754 . 
g 7 rebrina 1954 () () () f) 0 8 0 0) () 5 22 52 ’ 
6 7 rina 1954 0 () 10 8 () 8 58 80 4} 
176) oT. cerebrine 1956 12 75 (0) ] 10 18 ”) + Joe 
. Ty eo 
ys ar. 1955 (0) 0 (0) (0) () (0) 0 () () ] - ° * 
§ OT. oelyr 1954 0 0) () 0) 5 0) 0 0 0 ] 1" 
} 2 T. ely 1956 0 0 () 0) 0 0 0) 0 5 tl os 
1) 7 sca 1955 0) 2 63 5-4 0) ) 12 1 
65 T.f 1956 0 754 0 8 15 2 50 Mts 
{ Lf) ] ( 1956 2 15-4 } 7 lS 0 | ‘ 
§ 6 T. fusca 1957 18 75-4 0 | > ss) 10 l pd 
184 7. i a 1957 13 0 | lS 15 Ig! 
86 1. fusea (7) 1957 0 37 8 10 86754 "> 
148 T. guyotiana 1957 5 95 2 2 48 «75 " 
sg 95 «6oT. guyotiana 1957 22 95 l 20 33 85 Pi 
“es 71 T. guvotiana 1956 { 93 0 20 68 75-4 oe 
= l7 7 Luvotiana 1956 > Q5 ] 52 65 79-4 ‘ 
Uv + T. hol 1954 0 ; 55 754 0) 0 0 ) 10 it ‘ ; 
. 179 «7 robiculata 195 0) 0 0 0 0) 0 0 0 25 Tt Dis 
Fact percentage represents the average of 2 plates No germination at 10 days of incubation except T. caries, which ont 
ina showed 60 and 10% in greenhouse and incubator, respectively , 
ess1on. Less than 1¢ 
‘ 
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PRANSMISSION OF POTATO MOTTLE VIRUS TO, AND FROM, CITRUS 
PLANTS BY MECHANICAL INOCULATION ! 


Francis O. Holmes 


SUMMARY 


Potato mottle virus was transmitted with diffh- 
ulty to healthy seedlings of Mediterranean sweet 
range, Orlando tangelo, and Meyer lemon by 
rubbing inoculum into their leaves in the presence 
f finely powdered carborundum. It was recovered 
regularly and with ease by subinoculation to 
tobacco from chlorotic lesions that developed in the 


inoculated leaves, but it was not recovered at all 
from green areas of the same leaves. Earlier 
failures to transmit mechanically the viruses that 
occur naturally in citrus plants may be attributable 
to the use of insusceptible or insufficiently sus- 
eptible test plants rather than to any inhibitor 
in citrus foliage. 





Viruses occurring naturally in citrus have proved 
transmissible in all cases by graft, and occasionally by 
other biologi al processes (3), but not by purely 
mechanical means such as rubbing or puncturing 
leaves. Thus no adequate method of titrating these 
viruses is available, but not because of neglect of the 
problem. Many attempts have been made to transmit 
hy mechanical means the viruses that cause tristeza, 
psorosis, xvloporosis, and exocortis, both to healthy 
citrus plants and to a wide variety of test plants that 
currently serve for the detection and titration of better 
known viruses. All such attempts seem thus far to 
have failed, which is surprising in a way, because the 
virus of tristeza. at least. belongs to the nonpersistent 
aphid-transmitted group (1), and almost all known 
iphid-transmitted viruses that are nonpersistent in 
their insect vectors have proved mechanically trans- 
missible. 

Phe question arises whether attempts at mechanical 
transfer of citrus viruses have failed because of in- 
hibitors in the infected tissues, a choice of insuscepti- 
ble or insufficiently susceptible test plants, or inade- 
quate methods of inoculation. The question is difficult 
to answer. The degree of susceptibility of specifi 
test plants and the effect of possible inhibitors in 
affected foliage can be appraised only if adequacy of 
inoculation methods can be established. and vice versa. 
the adequacy of inoculation methods can be appraised 
only if sufficiently susceptible test plants are found. 

lo break this cycle of uncertainty, an attempt was 
recently made to produce a more easily investigated 
model system. This was done by introducing experi- 
mentally into citrus plants a virus known to be highly 
infective to conveniently available test plants. It was 
anticipated that the appropriate local-lesion hosts for 
such a virus. being already known. would permit 
ippraisal of the adequacy of various methods of inocu- 
lation in the presence of extracts of citrus foliage. 

Seedlings of 7 citrus species or interspecific hybrid 
lines were inoculated in approximately equal numbers: 
Mediterranean sweet orange (Citrus sinensis (L.) 
Osbeck). Orlando tangelo (Citrus paradisi Macf. * C. 

ticulata Blanco), Meyer lemon (Citrus Limon (L.) 
sinensis (L.) Osbeck). Key lime 
(Citrus aurantifolia (Christmann) Swingle). sour 


Burmann  C. 


‘Accepted for publication May 5, 1959. 


(Citrus Aurantium L.), trifoliate orange 
(Poncirus trifoliata (L.) Raf.), and Mauritius papeda 
pa} 


(Citrus hystrix DC.).* 


orange 


Juices expressed from stock plants of Turkish tobac- 
co (Nicotiana tabacum L.), each carrying one of three 
viruses of wide host range, were used as inocula. Each 
inoculum was placed on a cheesecloth pad, which was 
then rubbed over foliage previously dusted lightly 
with powdered carborundum of 320- or 600-mesh 
grade. The viruses were tobacco mosaic virus (Mar- 
mor tabaci H.), tobacco ringspot virus (Annulus 
tabaci H.), and the ringspot strain of potato mottle 
virus (Annulus dubius H.). Only the last gave evi- 
dence of infecting some of the plants. Throughout the 
experiment, citrus plants of the kinds inoculated, in 
equal or larger numbers, were held as controls with- 
out inoculation on the same greenhouse bench. None 
of these showed evidence of any viral disease. 

Three single lesions, and only three such lesions, 
were produced as a result of inoculations with potato 
mottle virus. They were first noticed 6, 6, and 7 
months after the dates of inoculation. It is still uncer- 
tain how soon the lesions would have been visible 
enough to have been found if leaf-by-leaf examinations 
had been made regularly after the first few weeks fol- 
lowing inoculations. When found, the lesions were 
conspicuous (Fig. 1) and alike in being large (1% in. 
in diameter or more), nearly circular, chlorotic spots 
displaying concentric bands of yellowish green color. 
These lesions crossed side veins without difficulty. but 
one appeared to be limited in lateral spread by a mid- 
vein. They did not extend themselves conspicuously 
along veins or show any evidence of extension to other 
leaves or to distant parts of the infected plants. Not 
only did the tops of the infected plants remain 
symptomless but 4 leaves selected from each for test- 
ing by subinoculation failed to disclose the presence 
of any virus. 

The first plant found infected was a seedling of 
Mediterranean sweet orange: the second, of Meyer 
lemon: the third. of Orlando tangelo. This seattering 
of infection in 3 of the 7 inoculated kinds of citrus 
suggested that no kind was especially susceptible. 


* Seeds and seedlings of these species and varieties were 
supplied by the Citrus Experiment Station of the University 
of Florida at Lake Alfred, Florida, through the kindness of 
Dr. L. C. Knorr. 
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type ol ert I | t ~t il t ~ulne kind of inoculation but with neculun Ire 
inoculat cu on ot nonlesion areas about }o in. trom the observed lesio 
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Fig. 1. U1 <sf ted leaves of Meyer lemon seedling. Lesion produced by potato mottl 


virus on | ft ! Natura Photograph by J. A. Carlile 
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the field, and whether mutants of this virus antigen (2) when introduced into experimental ani- 


capable of systemic movement in citrus plants may mals. and gives such good protection in plant hosts 

have arisen and become widespread somewhere in against reinfection by other strains of the same virus 

nature. It seems desirable to sear h for mutant strains (4). that a variety of serological and immunological 

of potato mottle virus in long-established plantings of tests would be feasible with such a model system to 

pth trees determine whether infected citrus tissues present un- 
Citrus plants experimentally infected by potato usual problems in these areas of investigation. 

mottle ieee may provide a model system for the study 

of purification methods for naturally occurring citrus THe RocKereLLer INstirutt 

viruses. Moreover, potato mottle virus is such a good New York, New York 
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SYMPTOMS AND HOST-PARASITE RELATIONS OF THE ALTERNARIA 
LEAFSPOT DISEASE OF CLCURBITS 


Curtis R. Jackson 


SUMMARY 





Symptoms of Alternaria leafspot on muskmelon, in a moisture chamber. Conidia produced by my- 
watermelon, cucumber, and squash differ in size, celium in dead host material are believed to be 
shape. and color of lesions and in rate of disease the primary inoculum for spring infections. Seed- 
development. Sun-sealded muskmelon and cucium- borne conidia may be important in introducing the 
her fruit are invaded by the pathogen. The viability pathogen into new areas. Serious outbreaks in 
of conidia was unimpaired in 8 months of storage Florida occur when daily temperatures are in the 
in vitro at constant temperatures of 8, 28, and range of 68-90°F. Germination hyphae of the 
36 C. Conidia were not recovered from leaf debris pathogen penetrate the host leaf directly, and 
that had been buried in the field, although my- lesion enlargement results from intercellular growth 
celium of the pathogen was present and conidia de- of hyphae and subsequent destruction of all leaf 
veloped when unearthed leaf fragments were placed tissues. 

The Alternaria leafspot disease. incited by {/ter- halos. Lesions develop distinct concentric zones, giv- 
naria cucumerina (E. & E.) J. A. Elliot, is found ing a target-board appearance, but under conditions 
throughout the world on various cucurbits. The most highly favorable for development of the pathogen this 
frequently reported hosts are muskmelon and water zonation is often lacking. Individual lesions enlarge 
melon. but other cucurbits are also attacked (5). In- to 5-20 mm and become light to dark brown. Mar- 
formation is presented herein on host-parasite rela- ginal necrosis and coalescence of lesions are common. 
tions derived from experiments with muskmelons resulting in large. irregular necrotic patches. Lesions 

Symptoms.—Muskmelon—-The_ earliest) symptoms become torn and ragged with age but seldom approach 
appear on the upper leaf surface. as yellow or brown a shot-hole condition. Sun-scalded or overripe fruits 
flecks. 0.5 mm in diameter, surrounded by light green — are occasionally invaded by the pathogen. 


HW atermelon.__Symptoms begin with the appearance 
Accepted for publication May 5, 1959. 
Florida Agricultural Experiment Station Journal Series 


on the upper leaf surface of tan flecks, 0.2-0.5 mm in 


No. 891. Based on a thesis presented in partial fulfilln nt diameter, surrounded by pale green to bright yellow 
0. OY massed oO a less . ted in p tial Irie 

the requirements for the Ph.D. degree, University of | halos. Disease development is usually slow, and 
Florida. Gainesville. lesions become dark brown to black while less than 2 

ecicf ’ ’ , ologis : ] nast F » ent St ° ° nan 4 > ° ° 
istant Plant Pathologist, ull Coa ~ peiancae ; mm in diameter. The halos later become indistinct, 

tion, University of Florida, Bradenton. The writer is ; : , . 
Me alia al - ee ee and zonation is frequent. Lesions become 1-10 mm in 
piedsead to acknowledge the guidance ana eip sugges $ 2 : 
ons of Dr. George F. Weber. diameter, and confluent marginal necrosis is common 
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ther in t-In 
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} s were 
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out in June and unearthed Oe months later Smal 
ympacted masses of leaf tragments were recovered 
from the buried packets, whereas only fragments of 
petioles remained in the surface packets. Soil and 
ileal fragments of tour packets irom each depth were 
blended with 500 ml water ihe resulting suspensijop 


is examined microscopically for conidia, and sprayed 


on mature cantaloupe plants and watermelon seedlings 
In addition, some compact masses of leaf fragments 
were carefully examined and then placed in’ smal 
oisture chambers at 28°¢ 
Although conditions were favorable for disease ae 


elopment and plants were repeatedly inoculated wit} 


leaf debris suspensions, no infection resulted. Newly 
rmea conidia ail the pathogen were observed ilon 


ie edges of the leaf fragments after 60 hours in mois. 


re chambers. The identity of the conidia was \ 


hed Dy ino ulation tests 


second experiment, cantaloupe seeds were dis 


ested with mercuric chloride, rinsed and dried. and 
livided into 2 equal lots One lot was infested by 
lusting with conidia of the pathogen Equal numbers 
seed of each lot were planted in autoclaved sand 
fter 4 months of storage at room temperature. There 
< no evidence ot root ol hypocotyl infection 


lants of either lot. Four weeks after planting. sma 


wn lesions were observed on the cotvledons ot 4 


the 115 plants from infested seed, and the pathoger 

is isolated from these lesions. Seedlings from uni 
fested seed did not become infected 

| ie greenhouse, conidial inoculum was consistent 

effective in inciting the disease, but the use of sus 

isions of mycelial fragments and carefully co 


trolled temperature and relative humidity never re 


- ilted in infection, Conidia ift helieved to he neces 


} 


sary for primary spring infections Phe almost com- 


plete absence of conidia on decayed leaf tissue and it 


surrounding soil strongly suggests that conidia of this 
fungus are unable to survive in a soil environment and 


robably have no Important function in overwintering 


f the fungus in the field. Sinee the fungus has beer 


shown to persist in decaying leaf material. the primar 


1 
} 


conidial inoculum results from renewed growth of tl 


‘ 


mycelium in host debris. when field conditions become 


favorable, and subsequent preduction of conidia. This 
conclusion was partially substantiated by observations 
during the early spring in fields previously planted 

Although = the fields had been 


leared and planted with oats several months before 


with muskmelons. 


fragments of muskmelon vines and leaves were found 
that harbored mycelia of the pathogen and _ other 
fungi. Conidia of the pathogen developed readily 
when these vine and leaf f1 igments were plac ed in a 
moisture chamber. 

The pathogen can be introduced into new areas 
through seed infested with conidia since these conidia 


can endure seed storage periods ind later infect 
itvledons of the host. leading to limited production 


0 new conidia 


( matte conditions favoring natura infection, 
Chupp (2) noted that unusually abundant rainfall and 


irm weather pre eded a severe outbreak of the dis- 
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ease mM New York. and Godfrey (4) reported an 
epiphytotic during the dry season in Texas. Weber 
and Owen (10) observed heavy infection of water- 
melon in central Florida during an unusually dry 
spring and summer. 

From a recording station within 200 yards of musk- 
nelon variety plots, climatological data were obtained 
for 2 seasons during which infection and disease de- 
velopment were rapid. Initial infection of muskmelon 
eecurred during September, 1956. Mean minimum 
and maximum temperatures for the month were 67 
and 88°F and total rainfall, distributed among 12 days, 
was 3.9 inches. In May, 1957, when the disease was 
again noted in its initial stage on a second crop, mean 
minimum and maximum temperatures were 63 and 
25°F. with 8.6 inches of rainfall distributed among 17 
jays. Mean minimum and maximum relative humidi 
ties for Mav were 43 and 99% with a mean daily dura- 


tien of maximum relative humidity of 9.2 hours. The 
total amount of rainfall is apparently less important 
than the daily distribution of rainfall and dew. Field 
observations indicate that the disease occurs in severe 
proportions only when daily temperatures are 68-90°F. 

Host penetration and pathological anatomy.—Host 
penetration was studied in a manner detailed by 
Diener (3). For a study of the effects of the pathogen 
on the host leaf anatomy, paraffin sections of lesions 
in varlous stages ot development were prepared and 
stained with safranin and fast green. 

The host leaf epidermis was penetrated directly 
by the germination hyphae of the fungus. The termi- 
nal portions of the hyphae always enlarged prior to 
penetration. In some cases the hyphal tips continued 
to elongate after the formation of swollen segments. 
siving germination hyphae a knotted appearance. 

Examination of serial sections of young lesions re 
vealed that. after penetration. hyphae branched and 
elongated in a radial and downward manner, proceed- 
ng intercellularly and intracellularly. The advance 


into adjacent uninfected tissue occurred by intercellu- 


lar growth between the upper epidermis and_ the 
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palisade parenchyma, and concomitantly, between the 
lower epidermis and the spongy parenchyma. Hyphae 
penetrated palisade parenchyma cells at their upper 


ends and eventually destroyed cell contents and many 
cell walls, leaving small cavities and an irregular net- 


work of cell wall fragments. Invasion of spongy par- 


enchyma resulted in destruction and collapse of this 
tissue. In each instance, epidermal cells were also in- 
vaded. Necrotic tissue became compacted with age 


so that lesions were depressed. 


Guir Coast EXPERIMENT STATION 
UNIVERSITY OF FLORIDA 
BRADENTON. FLORIDA 


LITERATURE CITED 


l. Bristey, H,. R. 1923, Studies on the blight of cucur- 
hits caused by Macrosporium cucumerinum E, & E. 
Phytopathology 13: 199-204. 

2. Cuupr, C, 1937. The effect of temperature and mois- 
ture on vegetable diseases in New York State in 
1937. Plant Disease Reptr. 21: 320-321. 

3. Diener, U, | 1955. Host penetration and pathological 
histology in gray leaf spot of tomato. Phytopathology 
45: 654-058. 

Goprrey, G. H. 1952. Foliage diseases of cucurbits in 
the lower Rio Grande valley of Texas in 1951. Plant 
Disease Reptr. 36: 69 

». Jackson, C. R. 1958. Taxonomy and host range of 
Alternaria (Abstr.) Phytopathology 
48: 343-344. 

6. Martin, W. H. 1917. Common diseases of cucumbers 
and melons. New Jersey Agr. Expt. Sta. Cire. 68, 11 
p. 

7. Mippteron, J. T.. ano T. W. Wuittaker. 1946. Some 
diseases of cantaloupes and honeydew melons ob- 
served in Southern California. Plant Disease Reptr. 
30: 373-375. 

Nattrass, R. M. 1932. Annual report of the my- 
cologist for 1931. Ann. Rept. Dept. Agr. Cyprus, 
1931:56-64. (Abstr.) Rev. Appl. Mycol. 11: 695- 
696. 

9. Van Hartern, F. 1933. Spraying cantaloupes for the 

control of downy mildew and other diseases. Georgia 
Agr. Expt. Stas. Bull. 175, 53 p. 

10. Weber, G. F., ano J. H. Owen. 1951. Watermelon 
diseases in the Gainesville area of Florida for the 
1951 season. Plant Disease Reptr. 35: 355. 


eucumernrina, 











FREE AMINO ACIDS IN 


NE CELLS Ol 
Charles W 


FLSARIUM 


PHk CLLTLURAL MEDIA 


SOLANI F. PHASEOLI 
Mi \nell 





SUMMARY} 
| solates I tervals along one-dimensional chromatograms 
Fy 1 by pape cultural filtrates and of cellular extracts of the 
hy Is were isolates. The aspartic acid, glutamic acid. glycine. 
identified lut 1 olycine ind alanine contents of the cells of 4 weak patho. 
ilanis | soleucine gens were compared to those of 4 strong pathogens 
pher ( butyri The glutamic acid. glvcine ind alanine contents of 
wid e estima he weak ones were significantly greater at the 1% 
tions o lates and level. There was no significant difference between 
cell vy area ae strong and weak pathogens in amounts of aspartic 
e] peaks of icid. The free amino acid contents of the cultural 
p | | itted media of weak and strong pathogens were variable. 
fy j t ou No parth ilar trends were oted 
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solution kor qualitative determination of the free 
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ler agitation at room temperature The mycelia and 
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were the 


- However. at the end 


each culture was removed and filtered Phe 
frozen immediately. At the 


second 


end ot thre 


each culture was removed and used to 


st each organism's ability to infect bear plants After 
the remainder of the culture was filtered. 10 ml of 
each filtrate was frozen. All filtrates were later evapo 
rated in a water bath to 1 10 vol e betore being 
examined for amino acids 

For the determination of the free amino acids con 
tained within the cells of the organisms. 500 mg of the 
wet mvcelia and spores were eround in 80¢ ethanol 


Each culture was ground for 10 minutes in a small 


lastic piston-tvpe grindet material was 


placed in a small aluminum tray and dried over- 


night. Twelve hours later 50 me of the dried material 
was ground for 10 minutes in 1 ml of 80 ethanol 
All of the cells were found to be broken by this treat- 
nent Solids were removed by centrifugation Phe 
liquid was decanted into a vial. ev iporated In a watet 

ith to near dryness. and brought to 1 10 of the origi- 

il volume with Y5 ethanol 

For the qualitative determinations and the relative 
quantitative estimations of the free amino acid content 


the tec hniq ié 


This 


the exudates and cells of the isolates. 


of paper-partition chromatography was followed 


—, ' 
procedure was devised by Consden et al (3 Ascend. 
ing paper chromatography vas used as described by 
Will ills ind Kirby lO 
Pwo-dimensional iscending chromatography was 
ised for qualitative determinations of the free amino 
icids The solvent for the first dimension was Merck 
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nt-grade phenol and water (80:20). Two beak- 
ne containing. 0.3.V ammonium hydroxide and the 
other sodium cyanide crystals, were placed in each 
jar. The selvent used for the second dimension was 
water-saturated 2,4-lutidine. 


Sheet- of Whatman Number One filter paper, 2020 


cm. were used. For the two-dimensional chromato- 
rams. two 3-microliter drops of the material to be 
aah { were deposited at one place 2 em from the 
bottom of the paper and 2 cm from one edge. The 


fir-t dr p was allowed to dry before the second was 


ipplied. The papers were rolled into evlinders and 
“rt . 

held together with small pieces of Scotch tape. The 
matograms were developed in each solvent at 


rolled room temperatures to within 2 cm of the 


top of the papers. The nin-hydrin (1,2.3-triketohydrin- 


-en-itive compounds were revealed by spraying 


dene 

the sheets with 0.10% of this material in 95°. ethanol 
(9). Using essentially the methods of Dent (5, 6). 
the spots were identified by known amino acids run 
at the same time, by their Ry, values, their patterns on 
the chromatograms. and their color. 


For relative quantitative determinations, one-dimen- 


sional chromatograms were developed in the same 
manner in phenol and water. Five samples were 
placed on a paper. Two papers completed a set of 
samples. Eight replications were made of each set 
The spots were placed 2 cm from the bottom of the 
paper and 3 em apart. Three mi roliters were placed 
per spot with the use of a l-microliter pipette. Each 


aliquot was allowed to dry before the next was placed. 
n-tances the quantity applied was insufhcient 
for the development of satisfactory chromatograms. 
For these. the quantity was doubled (6 microliters for 
each spot). When development was completed, the 
papers were removed from the jars. dried overnight 
and spraved with ninhydrin. 

Relative densities of the ninhydrin-sensitive material 
were determined 18 hours after spraying by the use 
of a Welch Densichron. Optical density readings were 
made every one-half em from the placement of the ma- 
terial through the 16 em of travel of the solvent. Aver- 
e readings of 8 such strips were used to plot optic al- 
den-itv curves The densities were plotted on the ver- 
tical axis against the distance traveled on the horizon- 
tal axis. Areas under each peak were determined by 
of a planimeter. When double amounts of the 

iterial had been used in order to obtain adequate 
patterns. one-half the area determination was used as 


Block (1) 


density curves are proportional to the concentration 


he value determined that areas under 
0 le imino a¢ ids, 
By comparing the one-dimensional chromatograms 
ith the two-dimensional chromatograms it was ap- 
parent that certain of the one-dimensional spots con- 
ined 2 ninhydrin-sensitive compounds—alanine and 
glutamine in one spot. and gamma-amino butyric acid 
iline in others. In one instance lysine was pres 
-uch amounts that it appeared with valine and 
gamma-amino butyric acid as one spot 
Relative proportions of the compounds occurring to 


gether as one spot were determined by two-dimensional 
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chromatograms of the concentrates in which this oe- 
curred. However, the second dimensions were run in 


77% ethanol in distilled water. In this solvent the 
rate of migration of the solvent was much faster than 
in lutadine, although the patterns developed were 
comparable. 

\ determination was made of the maximum optical 
density of each spot, as well as the area. These two 
values were multiplied together to give a factor. From 
the factors, the proportionate amount of each amino 
acid was determined. The area times the maximum 
color density of a spot is a function of the amino acid 
concentration (1). An average of the three such deter- 
minations was used to calculate area amounts or per- 


centage of each material under a compound peak. 


Resuits.—Examination of beans grown in soil inocu- 
lated with suspensions of mycelia and spores of each 
isolate revealed that isolate 9, originally a strong 
pathogen, had lost a considerable amount of its ability 
to infect beans. The isolates were rated as 4 strong 
pathogens and 6 weak pathogens. 

\ total of 11 amino acids were identified in the 
ethanol extracts of cells of the 20 Fusarium isolates. 
One spot occurring on the chromatograms of one iso- 
late was not identified. The amino acids were: aspartic 
acid, glutamic acid, glycine, alanine, lysine, valine, 


leucine, phenylalanine, threonine. glutamine, and 
gamma-amino butyrie acid. Since leucine and isoleu- 
cine are not separated by the solvents used. the desig- 
nation leucine may be leucine and/or isoleucine. 
Five amino acids were identified in the ethanol ex- 
tracts of all 20 isolates. 


tamic acid, glycine, alanine. and valine. Leucine was 


These were aspartic acid, glu- 
present in all but two of the extracts. Lysine was 
found in four. Threonine was evidenced in two of the 
extracts, as was phenylalanine. Gamma-amino butyric 
acid was present in 15 extracts, and glutamine in nine. 

At the end of one week. the cultural media in which 
the 10 isolates were grown yielded a small amount of 
a few amino acids. No attempt was made to estimate 
quantities. Glutamic acid was detected in all of these. 
\lanine was identified in the media of four weak 
pathogens and in those of two of the strong ones. 
\spartic acid was found in only one, that of a weak 
pathogen. Gamma-amino butyrie acid occurred in the 
media of two weak and two strong pathogens. Lysine 
was found in the media of one strong pathogen. 

At the end of the second week the cultural media 
of the 10 isolates yielded a number of amino acids 


in considerable amounts 


\spartic acid was found in 
of these samples. Two were from strong pathogens 
ind five were from weak ones. Two samples from 
strong pathogens, and one from a weak pathogen, con- 
tained no detectable amounts of this acid. 

The media of all isolates contained various amounts 
of glutamic acid. alanine, valine, and leucine. Glycine 
was present in the media of seven. Lysine was found 
in eight of these. but was no longer found in that of 
isolate 7. Gamma-amino butyric acid was detected in 
three samples, and glutamine in one of them. Gamma 


imino butvric was no longer found in the cultural 
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examined for these acids 


The infected bean 


plants will be determined and compared 


better 


amino acid content of healthy and 


Krom these 
understanding of 


studies a the host pathogen 


relationship may be obtained. 
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On | Cal | t ~ of vines Phe pathogen penetrat - through 

ed by Phe uunds of any sort. including punctures commonly 

ed b tused by insects and epidermal openings left when 

eaf hairs are broken off. Evidence strongly sug. 

‘ whic ests that the pathogen can also penetrate directly 

. “3 wf through leat and cane stomata Corky abrasions on 

; sbaheaehe ines petioles, tendrils. and cluster stems are de- 

K aes on rived from the coalescing of stomatal-area infee- 

. dor ons Tissues beneath points of infection become 

< | pores te progressively disorganized until the cells collapse 

ia lon The characteristic dead-arm condition is obtained 

trapped hen fungal growth girdles the arm None of the 

f fectiol I iropean grape varieties examined in California 

ilth ive shown resistance attack by P. vtticola 

INiRe ~ | é fruiting bodies. When present in large numbers. they 
oud Amer merge to produce a distinetive corky abrasion (Fig 
eal f Nort! 1-B At the same time. dark epidermal spots and 
Ame ly. me il! black pyenidia begin to appear on portions of 
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shoots tendrils. and cluster stems. generally 


petioles, 
but 


t random sometimes arranged longitudinally 


tlong the shoot axis. The cortex Typo illy splits as the 
shoots mature, with the splits containing and_ being 


by 


The host 


hecomes blu- 


numerous pyenidia (Fig. 2-C) 


irea darkens 


surrounde d 


epidermis in the pyenidial 


sh. and eventually bleaches so that the fruiting bodies 
stand in bold contrast to the epidermis (Fig. 2-B). 
When rain or heavy dews are present. some of the 
berries become infected before harvest The surfaces 
f such berries are covered with pyenidia. and the fruit 


Fig. 2-D 


fungus spreads through the 


shrivels and rots 
canes during the 
Wher 1 cane or irm virdled by 


the lt id-arm” 


dormant season Is 


tt | erowth characteristic “"¢ condi- 


| - reached (Fig. 2-A 
[INOCULUM FOR INFECTION The pyenidia on canes, 
spurs, petioles, and clusters remaining on the dormant 
vine provide the primary seurce ef inoculum When 
wet. the pyenidia of P. viticola exude their spores in 
tendrils. and the spores can be washed or splat- 
tered over nearby plant parts. In April, 1956, 4-in 


okay canes covered with pyenidia 
Tokay « 
This arrangement 

\t that time all 
of 


| 
dormant 1 


pieces of 
wer»re suspended above heal hy 


ise at Davis. ¢ 


ittings growing 
ilifornia 


| Mav. 1957 


in a lathho 
was left undisturbed unt 


showed | 


ie plants ind cane symptoms 


ead-arm. Pieces of diseased canes were also attached 
»— 

Fig. 1 A) Svmptoms of dead-at on leaves of Tokay 
uy Upper lef if healthy hers showing in- 
sing degrees of sp ng, chlorosis, deformity, and _ tat- 
B) Grape cluster infected with Phomopsis viticola. 

ine and cluster st ire almost completely g rdled 

KV brasions resulting trom s re Tungus ittack, 
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These basal buds on a cane are left as 


a spur tor the follow. 
season's growth. This is the | 


vortion of the cane 
heavily infected. Hence. when growth begins jp 
spring and if moisture is | t 


present these spurs are 
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a in perfect position to provide abundant inoculum fer to test the potential of leaf injury as an infection 
hese 7 safe ting new shoots of the same or adjacent arms of court, and to determine the amount of moisture neces- | 
a the vine sary to produce extensive fungus penetration. In li 
Spurs are For determining the spread of the pathogen within June, 1956, 36 healthy Tokay and Thompson Seedless et 
the diseased vine, Tokay canes were collected from cuttings were so placed in a fog chamber that moisture 1 
yines showing disease symptoms and planted in clay did not fall directly on them, but condensed readily if 
pots with 1 or 2 buds well above the soil level. Water and evenly on their leaves At various intervals the ee 
was kept from touching these canes to exclude disease leaves were pricked or lightly scratched with a hypo- tell 
spread by pyenidiospores. After 3 months, 31 of the dermic needle, and a sterile water suspension of P. ~ 
origin 9 buds had produced no growth. These viticola spores was atomized on the wounded areas, The i : 
buds were surface-sterilized for 1 minute with mercury plants were then returned to the fog chamber for dif- wt : 
hichloride, 1: 1000, and tissue was taken from the base ferent periods, and finally all were removed to a lath- 1 au 
ef each bud and plated on potato-dextrose agar. The house. Only a few leaf and stem symptoms were seen Bre [ 
dead-arm fungus was isolated from 23 buds, bacteria during the rest of the 1956 growing season. During ie 
er other organisms from 6. and 2 were sterile. Eight May. 1957, these vines were appraised for disease 4h 
ef the original buds produced new shoot and leaf symptoms, and rated: 0 no symptoms; | mild in- 
grow! [issue sampling from the new growth indi fection; 2 severe leaf and cane infection. Table | 
cated that 7 shoots were infected. In 4 cases, petioles shows the results, together with the periods of moisture 
were fected. and in one instance the fungus was before and after inoculation. The evidence indicates 
isolated from a leaf blade. Hence. the fungus may that leaf wounds, like those that insects might pro- 
spread slowly within the vine from diseased tissue to duce, provided an infection court through which the 
new growl and be disseminated in cuttings and buds. pathogen penetrated to the petioles and shoots. Fur- 
Pvenidiospores were found to germinate only in thermore, infection increased with the amount of mois- 
water or o1 culture media that contained high amounts ‘ure present, either before or after inoculation. 
of available water They did not germinate on dry While still in the bud, grape leaves have a profusion 
sterilized grape wood, but germinated abundantly when 0°! hairs growing from their lower surfaces. Most of 
the wood was moistened with sterile water these hairs are broken off as the leaves unfold and 
expand, which provides numerous wounds for inva- 
Infection CourTs.—It has long been recognized that — gion of the host by the pathogen. The openings ex- les 
the dead-arn pathogen is a wound invader, Reddick pose the sub-epidermal tissues Although the open- “ 
9 mitted the disease with pruning tools and ings are occasionally so large that P. viticola spores oh; 
through knife wounds. When Coleman (3) inoculated could literally “drop” into the interior of the young i, 
cut shoots. vessels were penetrated 0.75 in. by the — leaf. no instance of direct penetration was observed. 1.4 
fungus 1 15 days. and pyenidia formed on the wood Infections of the bud base were found repeatedly on Ae 
in 2 months buds artificially inoculated with spore suspensions of Pipi’ 
\s a test of wound infection on several |}. vinifera the pathogen. with sequence of penetration and infec Mee 
varieties. the shoots of young plants growing in a lath- tion being the same as that seen in leaf and cane A Par 
house at Davis were aseptically severed, and the cut stomates, ‘ 4 
ends held for 30 seconds beneath the surface of a Winter killing of immature portions of canes was ii 
spore suspension of the patl ogen Phe cuts were then found to be still another type ol wounding that allowed my 
wrapped in cotton and covered with plastic cloth until entry of the fungus As the canes were killed back by 
callused. The varieties used were Carignane, Green — in the late fall. the pathogen rapidly spread into this 1.4 
Hungarian. Chardonnay, Muscat Canelli, Ribier, Ma- area. covering the canes with pyenidia by midwinter. nh 
taro. Red Malaga, Emperor. Muscat of Alexandria, When an unseasonal frost occurred after the start of tes 
and Tokay Phe cut shoots of control plants were , ; 14 
‘ Paste | Dead-arm disease symptoms produced on leaves ’ 
dipped in sterile water. Forty-two days after inocula of Tokay vines by spraying wore mipenions of ye 
I esions were evident on the stems of the Chardon- Phomopsis viticola on artificial wounds and submit ae 
nay. Emperor. and Museat of Alexandria varieties. At ting the vines to various times in a mist chamber ‘y 
66 dave. Museat ¢ inelli and Tokay also showed signs es, 
ot tection At one vear. all varieties showed defi Hours in mist : 
nite disease symptoms. By means of tissue platings Preinoculation Postinoculation Rating® “te 
P tieola was recovered from all the inoculated ' 0.9% yf 
plants. Cheek plants did not produce disease symp 0.50 1) 
toms. and the fungus was not recovered in culture. | | 0.50 4% 
The buds and young leaves of grapevines may re } } 0.50 | 
ceive extensive injuries from mites and insects. particu 6 a * 
indi- lan the Willamette mite. Tetranychus flavus Ewing 1 8 75 ° 
ecome > Injuries are most pronounced ilter prolonged 8 8 1.75 *) ua 
d-arm periods of rainy or foggy weather. which also corre 8 j 2.00 j 
ed by spond with the times when dead-arm symptoms are 1 Reced on meee of tatlace: © me tadection: { 
most severe. The following experiment was designed mild: 2 severe disease symptoms 
‘ 








vl times ea ge (.5-1.5 mi in diameter. domed. and dark 
the red. and eventually turned brown he top later brok 
readil When many of these bodies occurred close 1 
Hows SO! I hey merged to tort ¢ COTR ibrasi = { 
dead-ari = © eristic of the disease 
the lo = s Since leaf infection is <t commonly ou t 
ivenue owe 6-8 nodes of disease shoots t was felt t 
Le f > Utd t ve mignt have a bearing on susceptibilit 
Lo) ey re this possibility. rooted cuttings of several varie 
Petri 1) ; t different stages of growth we placed mist 
ola ste ! t i er tor 4 hours, the tw zed with a s e Sis 
exposed { ensiol f P. viticola once eve ir for 4 addit 
turbed ours. and finally allowed to remain in mist f 
port i ther 24 hours before being returned to the gree sé 
embedde ) enct \ll plants were removed to a tathhouse atter 
tome ! > days \t the end of 30 days. symptom expression 
hematox () =s rated as: 0 no infecti« | slight leaf spot 
In me Jus ng; Z niild leaf and or « e -Vmptoms ) ~e vers 
yphae « I f iti disease sviptoms Table 2 shows | the -slage ot 
on the lov ) lly. Indica- shoot development at the time of inoculation. 2) t 
tron that 1 ff ! number of shoot inoculations in each age er 
thre 1ard ( es >) the whole numbers of shoots falling into 
cells lin t yon <ymptom ratings. The plants used in this experiment 
phvyll ne | \ 1) were allowed to grow in the lathhouse for a tull veal 
ide 1 f ‘ tf surtace following inoculation \t this later time. all the plants 
directly a plasts showed the disease It ippears evident that leaf ag 
ol ittacke f f t Wa- i Is Not of prime importance i susceptibility te niec- 
collectie , ' t had the tie but that verv young leaves on shoots up t tj 
iIppearance ti | Ind vill long tend to show dise ise symptoms taster t! 
eventually the mp ( he fungus leaves, and thus are better indicators of the tin ind 
mvceliun f lergoing extent of infection 
these change a I the reae Phe most fully expanded leaf on a young s ! 


il 
tions. Where et ilar bundles lon is about 2.5 in. wide Phe leaf blade on a youn 
or where f erlapped and shoot seldom lies flat: more often it is folde 
If ied l} ct t 1d hye ( ipped iround the smaller Vounger I ives Ra wa 


followed | | ‘ t ! it ter or tog condensatior Was found to collect Delwee 


1 
meters | ‘ =¢ <e«l leaves, between le ives and shoo ‘ Il he folds t the 


vines In { necrosis bud \s shewn previously wate! n 


which, thre te 1 tie 1 ficola remained contact with the leaf sur 
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chow the most severe lesions. 

The development of severe infection on the leaves 
and shoots ot newly opened buds Wwa- observed through 
-ocondary infection in the field during years of ex- 
ceptionally late spring rains. In 1957, the Tokay- 
vrowing district surrounding Lodi, San Joaquin Coun- 
ty. received several days of rainy and cloudy weather 
when the buds were just opening. Dead-arm infection 
on the lower internodes of new shoots was severe in 
vineyards where control programs were not in force, 
Then. when canes were about 18 in. long, the area 
vain had strong rains, which continued over 6 days. 
Three weeks later. when another 6 internodes of 
vrowth had developed. they were covered with young 
pyenidia and incipient lesions. Hence. 2 areas show- 
ing disease symptoms were to be found on the same 
canes, one al the base and one about 2 ft. higher. In 
both cases, the leaves that had been close to the grow- 
ing tip of the shoot at the time of rainfall were the 


ones that showed disease symptoms 


DISEASE DEVELOPMENT.—In California, as elsewhere. 
the incubation period for the dead-arm pathogen in 
the host is about 30 days (3. 4. 10). Fungus hyphae, 
once infection is established, move intracellularly 
through any of the tissues of leaf. petiole. tendril. clus- 
ter stem. or cane. Passage from healthy cell to cell 
is through the pit areas, as shown by Coleman (3). 
Little or no effect is evident in the xvlem of infected 
shoots. although the fungus is to be found in this area. 
The phloem becomes increasingly disorganized as the 
disease progresses. The narrowness of the cambium 
ind lack of lignification. also noted by Coleman in 
(American varieties, was observed repeatedly in }. vini- 
fera. Whereas the unaffected side of a cane shows the 
regular formation of phloem fiber bundles, diseased 
portions have practically no fibers. or they are formed 
singly and seated in parenchyma of atypical arrange- 
ment. The cambium of diseased canes is often wavy. 
and the cells being cut off on either side are smaller 
and thinner-walled than normal. 

The reduction in starch content of invaded cells, 
mentioned by Coleman. was not observed in California 
varieties. except in those tissues already becoming ne- 
retic, e.g.. margins of leaf and cane spots. How- 
ever. a “yellowish-brown substance.” observed by Cole- 
nan. “extremely resistant to solvents and chemicals in 
general, which has the characteristics of wound gum.” 
was often seen in sectioned material. Since the patho 


ven produces large quantities of oil (7). it is believed 


that these deposits in host cells. almost always close 
to the borders of lesions, are metabolic by-products of 
fungus growth. 

The distortion of the cambium and cortex is always 
found beneath the corky abrasions on the surface of 
niected canes. When these corky areas extend around 
the shoot. the diseased cortex and cambium are like- 
wise affected. resulting in a girdling of the cane. When 
such canes are left as spurs for the following year’s 


growth. they are destroved bv the fungus, and the 


lead-spur symptom 1s evident \ hen the girdling o 
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curs further down the arm, the characteristic dead-arm 
condition is obtained. 


Pycnidia develop from hyphal mats growing through 
the subepidermal portions of canes. They usually be- 
come well developed before breaking through the epi- 
dermis. In berries, as previously shown by Gregory 
(4). pyenidia are seated in the hypodermal parenchy- 
ma, usually over lenticels. 


VARIETAL susceptipiLity.-_In 1928, Coleman, writ- 
ing about the American grape varieties, said that he 
had yet to see a variety free of the disease (3). Ander- 
son and Colby (1) catalogued 56 varieties of Ameri- 
can grapes, none of which were resistant. The same 
helds true for the European varieties grown in Cali- 
fornia. In the northern portion of the San Joaquin 
Valley. the following varieties are commonly grown. 
and the dead-arm fungus was isolated from all of 
them: Tokay, Olivette blanche. Cornichon, Almaria, 
Palomino, Zinfandel. Black Prince, Thompson Seedless, 
Cardinal. Mission, Valdepenas, Emperor. and Alicante 
Bouschet. Most of these varieties are grown on St. 
George rootstocks (I). rupestris var.). a variety also 
found infected in the field. Artificial inoculations pro- 
duced the disease on Carignane. Green Hungarian, 
Chardonnay, Mataro, Museat Canelli. Ribier, Red Ma- 
laga. and Muscat of Alexandria. No attempts have 
been made to record the individual degrees of sus- 
ceptibility qualitatively. 
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SUMMARY 


Durit 1, 80 New York oat plants 
with sympt I e caused yellow 
dwarf viru BY D\ were tested for presence of 
the virus é t apple gra AG iphids 
(Rhopalos / / f ind kneglis vrain EG ) 
iphids Var gral Virus was 
transmitted « EG aphids from 67 of the 
samples, only by AG aphids fro » samples, and 
hy both ay is | 6 samples lwo AG-isolates 
ind 2 EG-isolate tially transmitted only by 
AG and EG pectively were selected for 
further study \ Olates caused symptoms typ! 
cal of infe BYDY\ n several hosts, were 
persistent ctor id had other 


termined 


biological 


hy compat 


BYDV as de 
Vector 2p | | } ylate ren 
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ttl 


i ned Cs° 


sentially i ter a total of 129 transfers 
that inelud ! ions of each 1s0 
late In all « f evel ) i mal transmission 


hy the nor t 10 irred <uch transmis 


\G-isolates by EG aphids were more com- 
EG-isolates by AG 
\G aphids had been reared on 
EG-isolate, 
mitted virus to only 3 of 173 plants. 


sions of 


non than were transmissions of 


aphids. Even after 
they trans. 
EG aphids 


\( »-isolate some.- 


plants infected with either 


reared on plants infected with an 


times effected transmission to a high percentage oft 
the test plants. The observed vector specificity of 


both kinds of 


ind not absolute, since the 


he relative 
virus occasionally trans. 


isolates is considered to 


mitted by a “nonvector” appeared to be the spe- 


cific isolate introduced into the source plant and 
not a mutant or other selection of virus from it. 
Although the AG-transmitted isolates are con. 


similar to strains of 
the 
to represent a strain ot 


York but different 


othe 


side red to he 
from other areas. 


BY D\ reported 
EG-transmitted isolates seem 
New 


common in 


the virus common in 
those that are 
areas of the United States where studies have 
made. 


trom 
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Several iphid e KNOW! be vectors ot 
harley vellow d BYDV\ t! L nited 
States, but 1 pple \G) aphid (Rhopalo 
siphum fitchii Sand rally considered the best 
vector, has 1 in studies with BYDYV 

io «¢ | ition ww available 
however, on what apy to be strains of BYDV that 
ire not regular tra tted by the AG aphid. One 
such strain. tra the kngl srain (EG) 
aphid (Mac) m Wirby but not by 
the AG iphid \ i tro 62 field samples 
collected Was furing 2-veal period by 
Bruehl (4 1 |] Brue 5. 35 Similar 
strains have been { encountered New York 
A total of 80 oat plant t} ptoms of infection by 
BYDV were é \ York fields and tested in 
this laborator 1 1958. Virus was trans 
mitted from 67 of ple vy EG aphids only 
trom mp te \( is only nd trom 6 san 
ples hy hot ( erative tests with G. W 
Bruehl ha these differences 


in aphid BYDY\ ts with the virus 


York and \ 

The ext parent er 
specificity \ BYDV are tl 
subrect of 


virus-free AG* and EG aphids were maintained on 


caged oat (Avena sativa L.) or barley (Hordeun 
vulgare L.) plants. The 4 precautions taken to keey 
these colonies Iree of virus were as follows: 1) they 


were grown on plants in a laboratory away from all 


plants infected by BYDV: 2) 


from 10-20 newly emerged nymphs placed on young 


each colony was started 


cereal plants: 3) the cage for each colony was opened 


only entire 


Although 


ill aphids maintained in this way have remained virus 


when the aphids were used: and 4) the 
colony was discarded immediately after use. 
used alwavs were 


tree each colony 


some aphids fron 
tested as controls. 
Four New York isolates were 
studies. | from 
i single oat leaf collected in the field and tested wit! 
both AG and EG the 
(EGV-1. EGV-2) were originally transmitted 
EG aphids isolates (AGV-1. AGV-2) 
AG aphids. Lsolate 
held in 


trom ¢ 


used regularly in these 


ich isolate was originally transmitted 


iphids (9). Two of isolates 
only by 
were origi- 
No. 1 of 


ountyv: 180 


iwldwell Field, or 


and 2 


nally transmitted only by 


each series came trom a Broome ¢ 


late No ) of « ich 


series came 


the Cornell University Farn \ fifth isolate (EGV-3 
ised in | test. was similar isolate EGV-2. Unless 
state otherwise. transmission of each isolate was by 
ins of the aphid that had effected the origina 
transfer. A sixth isolate (III-1). a moderately severe 


strain of BYDV supplied by R. M 


kndo from Illinois 
; 


1956. was used as a reference strain of the virus it 


parallel tests with the New York isolates. This refer- 
ence strain was usually transmitted by means of AG 
i] lds 
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Acquisition feedings of 24-48 hours were usually on symptoms a few days before oats infected by the AG- 
letached leaves 01 half-leaves. as described previously transmitted isolates, the disease caused by each of the 
9), except that plastic dishes with tight-fitting covers isolates did not differ consistently in severity. Symp- 
were used instead of Petri dishes in most tests. When — toms in the greenhouse generally first appeared about 
letached half-leaves were used, 1 half of the leaf was 2 weeks after the start of the inoculation test feeding 
nfested with nonviruliferous AG aphids and the op period. 
com- nosite half-leaf with nonviruliferous EG aphids. In Oats, barley, and wheat (Triticum aestivum L.) 
y AG the latest tests. the infested leaves were ine ubated at were ¢ onsistently susce ptible to all virus isolates. Nine 
ed on 15°C during this acquisition feeding, but in most of grasses, seeds of which had been furnished by G. W. 
lrans- the experiments dese ribed they were stored at room Bruehl, were tested for susceptibility to isolates AGV-2 
phids temperature When acquisition feeding periods of and EGV-2 and to Ill-l, the reference strain. Tests 
some. more than 48 hours were desired, aphids were caged on were based on recovery of virus from plants on which 
gfe ol ntact source plants in the oreenhouse. | nless stated about 10 viruliferous aphids had fed for at least 3 
ty of otherwise. inoculation test feedings were for 3 days on days. Bromus mollis L. and Lolium perenne L. were 
lative caged plants in the greenhouse. At the end of this sus eptible to all 3 isolates. None of the isolates were 
ean neculation test feeding period. the aphids were killed recovered from inoculated plants of Bromus catharti- 
spe- by fumigation with lindane in a closed chamber. The Cus Vahl. Plants of Phleum pratense L., Poa ampla 
and nlants were then placed on a greenhouse bench undet Merr.. and a dwarf selection of Dactylis glomerata | 
it. ! . ‘ . ‘ 
supplemental illumination. where they were observed were susceptible to AGY-2 and III-1, but not to EGY-2. 
con- hh} 4 
ted or at least 4 weeks gropyron cristatum (L.) Gaertn., in contrast, was 
orter : ‘ ats : 5 >) ? , . 
pe In most cases. Coast Black oats (C.I. 1025) or Calli susceptible only to EGV-2. Bromus inermis Leyss. was 
New fornia Red oats (C.1. 1026) were used as test plant susceptible only to Ill-l, whereas Agropyron inter- 
orn t oats . se é l as < ‘ S . 
. ' 7999 . a eae medium (Host) Beauy. was susceptible to all isolates 
m in Atlas 46 barley (C.l. 7323) was used sometimes. Ai ie. 
have “| hy relers to ace ession number ot Cereal Crops aunt te the Ilinois rai. In > o1 the above ring 
oar Sais ,  acadenialiél 9 : 
Research Branch, Crops Research Division.) At the however, virus wa recovered trom only | =< of the 
: ; : > or 4 plants of each species tested with each virus 
end of the acquisition feeding period. aphids were | are 
: isolate. Genetic variation among individual grass 
transferred by means of a camel’s-hair brush to seed- har 
ned on Ft leis tes evenas of abaat 10 ankdl ; plants and variability in aphid feeding on different 
iiigs © Hesse pls = uTo = of abo f as ne ' 
ordeum a Wie , the aphids in each grou : = hosts may be as important as variations among virus 
plant. Os 0 Se a ads eae gro ) ere ate- : A ’ 
lo keey isolates. At least, these results agree with the general 
nstar apterous females. but other forms were often reper . 
1) they liadiod in suche avebll variability in host range of strains of BYDV reported 
neluder eae ore ' - ' 
rom. all by Bruehl and Toko (5) and emphasize the danger in 
started Resutts._General biological properties of New — generalizing about the host range of BYDV. 
young bork isolates.-Symptoms caused by each of the 4 Since persistence in its aphid vector is a character- 
opened New York isolates. in the field plants from which they istic of BYDV, persistence of each of 2 New York iso- 
entire were obtained as well as in greenhouse-grown oats and lates (AGV-2 and EGYV-2) was compared with that 
though barley, were typical of infection by BYDV as de- of the Illinois reference strain. In 1 series of tests, 
d virus seribed hy others it. %. aR Although oats infected nonviruliferous aphids were caged on infected plants 
s were by isolates EGV-1 and EGV-2 frequently developed for acquisition feedings of 1 day. Individual aphids 
| | | | 
n these Pane 1.-Transmission of 3 isolates of barley yellow dwarf virus by single apple grain (AG) or English grain (EG) 
4 from aphids atter 1 dav of acquisition feeding followed by 1 dav of inoculation test feeding on successive single oat 
d with 
solates Virus Infections following each of 21 successive serial transfers to single oat plants 
I 
nly by solate Vector & 3@ 4 5S 6 7 £€ BW Ti 2? BbwK Gb wB sh FB wz 
’ origi- EGV.2 KE j LD) 
0 ] 0 j j D 
Vi 180 n 1) 
eld. or 1) 
GV-3 D 
AGV.2 "Be n \ j 
Unless S \ , 
vas by \ _ - 
riginal n 1) 
-evere _ + 4 ™ 
‘llinois | \G 
- ) 
irus in I 
DD 
refer- \ 
of AG DD 
ites that the plant became intected; indicates that it did not become infected: D indicates that the aphid 
as R. Isolates EGV-2 and AGV-2. obtained from New York, are regularly transmitted only by EG and AG aphids, respec- 
tively. Ill-l is a reference strain of BYDV from Illinois. 
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iphids pel plant) for a 
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termined in 6 experiments of this type 


In most tests 
there was a striking lack of transmission of the EG. 
specificity was also ay 


isolates by AG aphids vector 


arent in the tests with the AG-isolates, but it was less 
irked than that of the EG-isolates (Table 3). In al 

AG V-2. for EG aphids effected 

some transmission: in 3 of the 6 tests. most of the tes 

infected \lthough EG aphids trans. 
mitted isolate AGV-1] in 3 of 6 tests. the 
insmissions was lower than for AGY-2 


Fables 2 and 3) ind 


Instance 


lants became 


number 


| 

te that the vector speciheity of the EG-isolates is 
ereater than that of the \G-isolates Results of 
parallel tests with the Illinois reference strain have 


venerally been similar to those with New York isolates 
AGV-1 and AGV-2., n with detached halt-leaves 


it also when 


only 


pl ints 


aphids were re ired on sources 


York 


isolates 


Occasional transmission of the New 


the “nonvector provides in appre ich tor invest 
iting the type of specificity involved \s has beer 
pointed out previously (9), there are at least 2 gener 
terpretations of these data First. speciheity may 
be absolute: occasional transmission by the “nonve 


i different 


rt present 


r mav involve selection of a mutant or of 


virus strain from a mixture and mav not 
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Pance 4.—Transmission of 4 isolates of barley yellow dwar} 
rus tollowing an occasional transmission of an 
isolate by “nonvector aphids reared on SOUTCE 


Jants 


No, of test plants infected 


Trans following feeding on op- 

nitted No. posite halves of detached 

irus by aphid eases leaves by aphid indicated 
Jsolate indicated tested \G EG 
AG\-1 LG, 8 23/24 1/24 
AG\-2 kG 16 92/52 153 
EGV-1 \G 2 0 6 6 6 
EG\-2 \G 03 5/3 
iM! \G 2 U0 6 6 6 

AG\V isolates were regularly transmitted by apple grain 

AG) aphids and occasionally by English grain (EG) 

iphids. EGY isolates were regularly transmitted by EG 

iphids and occasionally by AG aphids The occasional 


transmitter is termed a “nonvector. 
Numerator is number of oat test seedlings that became 
infected: denominator is number of seedlings that were 


infested with about 10 AG or EG aphids each day for a 3- 
dav inoculation test feeding after acquisition feedings of 


24-48 hours 


some of the plants that occasionally became infected 
n tests with “nonvector” aphids. The ability of AG 
ind EG aphids to transmit virus from leaves of such 
plants was tested by means of the detached-half-leaf 
method. Most of the tests were made with plants to 
which virus had been transmitted by “nonvector” 
iphids reared on source plants (Table 3). but the re 
sults of similar tests wifh plants from the serial trans- 
fers (Table 2) were generally in agreement. In all of 
the 29 tests made. the transmission pattern of an iso 
late involved in an occasional transmission by a “non 
vector” proved, in subsequent transmission tests with 
beth aphids. to be the same as that of the isolate after 
transmission by its regular vector (Table 4). In other 
words, no selection of virus strains appears to be in- 
volved in the occasional transmission of either type 
of isolate by a “nonvector” aphid. Thus, vector spe 
cificity of BY DV is relative. not absolute. 
Discussion.—In- some ways. the relationship of 
‘trains of BYDV to AG and EG aphids is analogous to 
the relationship of 2 strains of potato yellow dwarf 
virus ta 2 species of leafhoppers. Black (3) found 
at the New Jersey strain of potato yellow dwarf 
Virus was transmitted by | leafhopper species and that 
the New York strain was transmitted by another: 
neither species transmitted hoth virus strains. This 
vector specificity of strains of potato yellow dwarf 
irus appears to differ from that of BYDV, however. 
for the former was reported to be absolute. whereas 
the specificity of the New York isolates of BYDV is 
relative. It should also be kept in mind that Black 
clearly established the relationship of the strains of 
tato vellow dwarf virus, whereas the relationship of 
the strains of BYDV rests solely on similarities of 
~ome of their biological properties 

In most respects the New York isolates of BYDV 


ippear to hve similar to the vector specifi strains 
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studied in Washington (14, 15). The main difference 
is that the specificity of the Washington strains was 
absolute, whereas that of the strains studied in New 
York was relative. This difference may be more a re- 
flection of the kinds of tests that were emphasized in 
each study than of real differences between the vector- 
specific strains of the 2 regions. In Washington, for 
example, the 6 attempts to transmit each strain by 
means of the “nonvector” were based on acquisition 
feedings of 36 hours. Studies with the New York iso- 
lates suggest that an occasional transmission by the 
“nonvector” would be less likely under those condi- 
tions than if longer acquisition feeding periods had 
been used. 

The vector specificity of BYDV appears to be suth- 
cient to be of possible practical importance. It shows 
the danger of using only 1 aphid species to confirm the 
presence of the disease in areas where the predominat- 
ing virus strain is unknown. Since at least 5 aphid 
species (8. 12) are vectors of the virus in the United 
States. the occurrence of additional vector-specifie 
strains of BYDV is a good possibility. For example, 
virus was recovered from all but 5 of the 80 New York 
field plants that were tested with AG and EG aphids 
in this study. One of many possible explanations for 
failure to recover virus from 5 samples is that they 
were infected with another vector-specific strain, trans- 
missible only by an aphid different from the 2 used. 
In nature the occurrence of vector-specific strains of 
BYDV is probably a function of the predominating 
aphid in each area, or of seasonal fluctuations of differ- 
ent aphids with respect to development of the cereal 
crops, to development of other hosts, and to the time 
during the season when samples are collected. 

The New York isolates of BYDV that are regularly 
transmitted only by EG aphids (EGYV-1, EGV-2) seem 
to represent a strain of the virus that is common in 
New York (9) but different from strains that are com- 
mon in other areas of the United States where studies 
have been made (1. 4. 8. 12. 15). Although a similar 
strain has been reported from Washington, EG-specifie 
isolates of the virus are apparently rare in that area 
(4. 15). The New York isolates that are regularly 
transmitted only by AG aphids (AGV-1, AGV-2) are 
probably of the same general type as those commonly 
found in other areas where BYDV has been found to 
be transmitted less efficiently by EG aphids than by 
AG aphids (13). Since vector specificity of the AG- 
isolates is less pronounced than that of the New York 
EG-isolates, it is not surprising that vector specificity 
of BYDV was not encountered in the early studies in 
other areas. It is possible that there exists a series of 
\G-transmitted strains that differ in how readily they 
are transmitted by EG aphids. At one end of such a 
series would be a strain never transmitted by EG 
aphids, such as was reported from Washington (15). 
Next in the series might be a strain similar to the 
New York isolate (AGY-1) that was transmitted only 
occasionally by EG aphids. The other New York 
isolate (AGV-2). which was sometimes transmitted to 
a high percentage of the test plants by EG aphids, 
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ivamarie sande! 
SUMMARY 

/ 1 Cap trol plants kept in continuous light Darkening 
M eptible to G. globosa for 24 hours prior to inoculation proved 

1 el RCV M\ V. tab detrimental to lesion formation 
; i : ertain -5 \pparent virus titer was highest in January ana 
weary P ee Mechanical lowest in May. There was no seed transmission of 
ak 1) ; an the rus in P. sativum, but a high percentage ov 

a er 4] ei sh ecm eurred in |. faba. Amorphous and crystalline in 

nlant ; sia lusion bodies were found in leaf hairs of diseased 

did it ( Py or t clover In vreenhouse tests niection af red 

Vicia f lover by RCVMV decreased vigor and longevity. 

\< H 4 or 5 decreased dry weight, and increased heat suscept 
were s iH 6 to t\ RCVMV infection decre ised the rate of ip) 
etate H 4 r 6. and parent photosynthesis of red clover leaves: this 
to dei etate lepression increased as symptom severity increased 

ro pho ( lum by Virus infection increased the rate of respiration 

centril 1 ctivity this effect was most pronounced 3 weeks. after 

Plants ( Lh I ifter oculation and coincided with the set of symp 

rand t lid the cor mm development. 

Phe dist virus Wisconsin pea stunt virus. considered to be identica 
(ROVMY Hol rst de with RCVMV (6, 7). The literature on this virus and 
scribed () | irs late e disease it causes has been reviewed (14, 24 
Hagedort W e of Various cultivated and wild leguminous plants serve 
ning peas (/ \ sed s reservoirs for RCVMV ee ee OM ee he 

- transmitted to s extent thorugh the seed 

fe C f f red clover lo by 2 species of aphids (4. 5. 17 

Cr ( $. 24 ind by mecha il methods (8. 24 Insect 
fe eo smission may acco r the widespread endemi 

+ gaa ence of the disease. T] rus incites vein mosaic 
, “4 : " I ed and other clovers llapse rt crimson clover 
| | nea m | ind stunting of field and 
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earden peas and broad beans (Vicia faba L.) (24). 
[he economic importance of RCVMY appears to be 
increasing from year to year. It causes severe losses 
in the Wisconsin canning pea areas (9), reduces 
longevity in red clover stands by diminishing its winter 
hardiness. increases the susceptibility of red clover to 
root rot (19), and reduces yielding ability in general 
(16. 22) 

The recent discovery of Gomphrena globosa L. as 
a local-lesion host for RCVMYV (20) has provided a 
valuable tool for quantitative work with this virus. 
This discovery led to the present investigation, the 
main objectives of which were to develop methods of 
using this plant in assay work with RCVMY and to use 
such methods in determining some of the biological 


and physical properties of this virus. In addition, in- 
vestigations were made of the effect of this virus on 
plant vigor and longevity, on photosynthesis, and on 
respiration, 

MATERIALS AND METHODs.—-}irus and plants.—The 
strain of RCVMYV used was originally obtained from 
a naturally infected plant. It was passed 5 times 
through local lesions on G. globosa, and finally trans- 
mitted to a healthy red clover plant. This plant was 
cloned when it showed symptoms, and the resulting 
plants served as sources of inoc ulum. The identity of 
the strain was substantiated on the basis of host range 
and physical properties, and also by a direct com- 
parison of the strain with Wisconsin pea stunt virus.* 

All plants grew under ordinary greenhouse condi- 
tions at a temperature of about 21°C (temperatures 
ihove 28° mask symptoms. and temperatures below 
16° delay symptom development (7) }. 

From early May to early September. shade was pro- 
vided by whitewash on the greenhouse root, From 
November to April. artificial illumination lengthened 
the day to 17 hours and was added to daylight during 
loudy days 

In the majority of experiments. plants were grown 
from seed in 2- to 4-in. clay pots in sterilized soil. 
Clones were obtained by cutting nodes from healthy 

diseased clover plants. rooting them in vermiculite 

i mist chamber. and transferring them after 3 
weeks to din. pots containing sterilized soil. 

Throughout this investigation. G. globosa was used 
for quantitative assays, most of which were made ae- 
rding to an incomplete block scheme (23): data 
from such tests were analyzed statistically by the Stu- 
dent-Neumann-Keuls test) (25 Also. a 2-solution 
scheme tor direct comparison of 2 treatments was em 
ploved: results of such tests were statistically evalu- 
ited by analysis of variance. Lesions were counted 
ibout 10 days after inoculation. All experiments were 
repeated at least once. 

Vethod of inoculation.-The virus was transmitted 

hanically in all experiments. Inoculum was usually 


) 


repared from about 3-week-old red clover leaves 


Kindly provided by D. J. Hagedorn, Departments of 
Agronomy and Plant Pathology. University of Wisconsin. 
Madisor 
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showing pronounced symptoms. Inoculated leaves of 
G. globosa were used as inoculum in some experi- 
ments: virus was extracted either from single lesions 
or from whole leaves with many lesions. When the 
inoculum was prepared from species of other plants, 
rapidly expanding leaves were used, 

Deionized water was used as diluent in most tests, 
although buffers were used in some. The proportion 
of plant tissue to diluent varied from 1:5 to 1:50 by 
weight. After leaves were detached from the source 
plant, they were either placed immediately in the 
diluent and ground with a pestle in a mortar or frozen 
24 hours at 10°C: and then placed in the diluent 
and ground to a pulp. The fibrous material was filtered 
off through fine-mesh cheesecloth, and the resulting 
juice was rubbed onto leaves of test plants with a 
cheesecloth pad. Four strokes were used on leaves of 
small-leaved species and 8 strokes on leaves of G. 
globosa and Nicotiana species. After every 4 strokes, 
the pad was saturated anew. Each inoculum was tested 
on G. globosa. 

Before inoculation, test plants were dusted with 400- 
mesh Carborundum by means of a powder blower. 
After inoculation, they were rinsed and replaced on 
the greenhouse bench. 

Inoculations were made in the evenings after 8 p.m. 
unless otherwise indicated. The success of transmis- 
sion was detected either by symptom development or 
by back-tests to G. globosa. 


RESULTS AND DISCUSSION, Biologic al studies. 1) 
Host range.—I\n host-range studies, young seedlings 
or young leaves of axillary shoots of old plants were 
inoculated with a 1:5 aqueous dilution of fresh red 
clover leaf tissue. The age of the plant at the time of 
inoculation had no apparent effect on transmission to 
clovers or to }. faba as long as the virus was intro 
duced into young growing leaves. 

The species listed in the literature as susceptible to 
RCVMV (14. 24) that were found to be susceptible 
to the strain used in the present work were Trifolium 
pratense L.. T. incarnatum 1... T. hybridum L., T. 
repens 1... Pisum sativum, P. sativum L. var. arvense 
Pior.. Vicia faba, and Lathyrus odoratus LL. G. globosa 
did not become systemically infected by RCVMY, but 
reacted only with the formation of local lesions like 
those previously described (20). In several tests made 
at different times of the year, virus was never recovered 
from uninoculated leaves that had developed after 
inoculation of other leaves on the same plant. T. 
pratense, T. incarnatum, P. sativum, V. faba, and G. 
globosa reacted to Wisconsin pea stunt virus in the 
same way as they did to RCVMV. 


The present results depart from results reported in 
the literature mainly concerning the susceptibility of 
Vicotiana tabacum | Several authors (7, 10, 17) 
clearly describe this species as insusceptible, but 
serial transfers from the tobacco plants used in the 
present study demonstrated that this is not always the 
case. Twelve inoculated tobacco plants were assayed 


by inoculations to G. globosa from inoculated leaves 


—_ 
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Viruses certain diluents 
as antioxidants (13) and phosphate buffers (19 
27 such materials were compared 
water as diluents for RCVMY. 
was cysteine hydrochloride at 0.1M concentration and 
brought to pH 4. 5. 6, vith Mo NaOH solution 


lo determine if the pH or the compound affects virys 


Ww ith deionized 
The antioxidant tested 


and 7 


wtivity, cysteine was not only compared with water 
but also with O.LW phosphate and acetate buffers of 
pH 4. 5. and 6. 
The cysteine solutions were always used shortly alter 
For the 
leaves 


preparation, since cysteine is very unstable. 


comparison, comparable fresh infected clover 
the 


of diluent (1:5). 


were ground in presence of a standard amount 


Comparisons were made on 6 


gl »bosa. 
At pH 4, 
with water (pH 5.3) induced comparable numbers of 


| (Table 1); 


lesions 


inocula diluted with phosphate buffer or 


cysteine was superior to either of 


these. \cetate was phytotoxic, and inocula diluted 
with it induced no lesions: however, so tew lesions 
were induced by inocula diluted with water or wit! 


phosphate buffer that the difference between any 2 of 


these 3 inocula was not statistically significant, 


At pH 5. the lesion counts when water and phosphate 
did not differ: 


sulted when acetate buffer was used. and cysteine was 


(Table 1). 


iffer were used again. no lesions re- 


to the other 3 treatments 


Superior \cetate 
was again phytotoxic., although less so than at pH 4 
inocula diluted with water. phosphate 


At pH 6. 
buffer. and acetate buffer vielded similar lesion counts 


(Table 1): again, cysteine was superior to the 3 
other diluents. At pH 7. only water and cysteine were 
Pance | Relative infectivities of 1:5 extracts of infected 
(red lover vein mosaic virus) clover leaves prepared 
eth various liluents ane fested on Gomphrena 


globosa 


of lesions Mean no 


Assav of 
Diluent pH | 1] 


le sions 
le it 


Water es ls 10 1.0 


LV vsteine 0 i69 159 13.7 


O.1W phosphate puffer 1.0 6 0.5 
Vosaceiate buffer | 0 0.0 
\ iter 18 17 15 
1V evsteine : 159 1 15.0 
0.1W phosphate buffer ».( | y 05 
U WV acetate buffer ( () ‘) ogo 
Water \ LS 
LW cysteine 6.0 113 U8 8.8** 
Vsphosphate buffer 6.0 16 Y 1.0 
Vsacetate buffer 6.0 | 0.0 
Wa 4 269 22.4** 
Wo sevsteine 106 116 93 
bac noculum applied ’} leaves In the first 3 tests 
nplete block design was used. In the 4th test, made 
it a different time of the vear. inocula were compared or 
1) asterisk indicates it lifferenee between. the 
licated ean and any her mean in the same test Is 
statis iliv significant at leve 
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the results were in favor of water as 


P ompared ° 


diluent. 

The tests were not designed for intercomparison 
of the treatments at different pH levels, but a rough 
comparison can be made since water was included as a 
diluent in each experiment. Such comparison indicates 
that the best diluent to use is cysteine at pH 5 or 4. 
({pparently, pH is less important than the compound 
used as diluent, at least from pH 4 to pH 6. 

5) Extraction methods.—The 3 following tests were 
made to determine the best method of extraction. 
Inecula were prepared 1) by freezing ground clover 
leaves for 24 hours and diluting the brei (after thawing) 
1:5 with water: 2) by freezing diluted ground clover 
ticsue: 3) by freezing whole leaves that were ground 
and diluted after thawing; and 4) by diluting ground 
tissue without freezing. These 4 inocula were applied 
to G. globosa in an incomplete block design. The num- 
bers of lesions induced in one test by the 4 inocula 
ipplied to 24 test leaves were as follows: 1) 536, 
2) 1085. 3) 988. and 4) 706. In a second test. the 
respective lesion numbers were 755, 1411, 1741. and 
1145. Statistical analysis of the combined results 
indicated that the differences between means are 
statistically significant (1% level) in the following 
comparisons: | - 2 or 3 | or }: and 3 + These 
results indicate that freezing favors extraction pro- 
vided the material that is frozen consists of intact 
leaves or diluted ground tissue, The freezing of ground 
tissue before dilution seems deleterious, perhaps he- 
cause of excessive oxidation. as indicated by darken 
ing of the extract. 

The effect on activitv of clarifying the erude 1:30 
water extract of fresh clover leaf tissue for 1 hour in a 
Servall SP centrifuge (5000 rpm) was determined. 
[he extracts were compared on G. globosa, each on 
24 leaves in the 2-solution scheme for direct) com 
parison of 2 treatments. The inocula tested were 1) 
water added to fresh leaves before grinding: 2) water 
idded to fresh leaves. and the extract frozen after 
grinding: and 3) same as treatment 2 except that the 
extract was centrifuged before freezing. The thawed 
clarified extract induced the most lesions (5.4 lesions 
leaf). and the nonfrezen nonclarified extract from 
fresh leaves induced no lesions. The effect of treatment 
2 was intermediate (3.5 lesions leaf). These differ 
ences, though small. were statistically significant at 
the 1 level Phe advantage of clarifying the crude 
diluted extract may be due to the removal of inhibitors 
ind or oxidants in the material sedimented by cen 
triflugation, 

6) Darkening of test plants.—Since shading or com 
plete darkening before inoculation increases the sen- 
sitivit¥y of some assay plants to certain viruses (1, 2). 
the effect of darkening on the sensitivity of G. globosa 
to RCVMY was determined. In each of 2 tests. 1) 3 
plants of G. globosa were darkened 24 hours before 
weulation: 2) 3 were darkened 24 hours after in- 
oculation: 3) 3 were darkened before and after in- 
oculation; and 4) 3 were kept under continuous il- 
lumination for 24 hours before inoculation and for 
24 hours after inoculation. The last group served 
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as a control. All groups were inoculated uniformly 
with a standard inoculum. The total number of 
lesions on leaves from the several groups in one test 
were as follows: 1) 39, 2) 187, 3) 29. and 4) 144. 
All differences were statistically significant at the 1% 
level. The second test gave essentially the same re- 
sults. The results differ from most previously reported 
ones in that darkening before inoculation was detri- 
mental, whereas darkening after inoculation was favor- 
able. 

7) Seasonal variation in apparent infectivity.—As- 
says made at different times during the year indicated 
a seasonal variation in the number of local lesions 
produced in G. globosa. The apparent infectivity of 
1:5 aqueous extracts of fresh infected red clover leaves 
was highest in midwinter and approached zero in late 
spring. The data obtained are insufficient to indicate 
the reason for this seasonal fluctuation, but any of sev- 
eral factors may be involved. Since RCVMYV is rather 
unstable, it is possible that the virus content of the 
source plants is affected by seasonal changes in green- 
house temperatures and or light intensity. It is also 
possible that there are seasonal variations in the 
amount of inhibitors present in the source plants or 
that plant extracts vary with the season in respect to 
the extent to which they enhance the oxidation of the 
virus following extraction. Another possibility is that 
the susceptibility of the test plants may be affected 
appreciably by seasonal changes in temperature and ot 
light intensity. 

Physical properties of the virus.-1) Dilution end- 
point. Ramamurthi. Ross. and Roberts (20) reported 
that crude juice of red clover diluted 1:100.000 induced 
a few lesions in some experiments. Hagedorn and 
Hanson (7) reported a dilution end-point of 1:1000 
in most experiments. and one of 1:10,000 in a single 
case. In the present work, a total loss of infectivity 
was recorded at 1:50: aqueous dilutions of 1:30, 1:10, 
and 1:5 respectively gave 2. 4, and 9 lesions. Since 
these tests were made in late spring, the very low in- 
fectivity might have resulted from the seasonal factors 
discussed in an earlier section. It appears, however, 
that this would not account entirely for the differences 
between the titers found here and those reported by 
Ramamurthi. Ross. and Roberts (20). for some of 
their tests were made during late spring and summer 
(personal communication, D. A. Roberts). — Possibly, 
a strain incapable of reaching high titers during sum- 
mer months was inadvertently selected during biologi- 
cal purification of the strain used here. It is also pos- 
sible that the differences are due to different clones 
used as source plants. 

2) Longevity in vitro._The longevity in vitro of a 
1:5 aqueous extract of fresh leaves was in agreement 
with published reports (14, 24): at 25°C. activity was 
lost in 2 days in most tests but was occasionally 
retained for 3 days. 

Aging at 25° was also tested in the presence of 
phosphate buffer, acetate buffer, and cysteine at pH 
levels of 4.5. and 6 (all of 0.1M concentration). Also, 
survival of the virus in frozen extracts was determined. 
For these tests. 1:5 extracts were prepared from 
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Physiological studies | Long ty of intecte 
ts.-The effect of RCVMY infection on the vigor 
f red clover plants. especially on longevity in the 


creenhouse. was determined in an 8-month observation 
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cute. 4.--Comparative fresh weights, rates of apparent of 8 plants was divided into 2 groups of 4 plants. Fou 
thesis, and respiratory rates of healthy and plants of each of the clonal groups were used as 
; over vein mosaic virus) red clover healthy controls, whereas the other 4 plants were in- 
; oculated with a 1:30 aqueous virus-containing extract 
Weeks Pres Gas uptake on February 12, 1958, 3 weeks before the first deter- 
elght | minute mination, 

(lone Sym} eg DW) The rate of photosynthesis and of respiration was 
No. Cor “ DW CO 0 measured manometrically by the Warburg method de 
Healthy 19.33 scribed by Umbreit. Burris. and Stauffer (26). Two 
Diseased \s 9.38 15.38 0.9 leaf disks of l-cm diameter were punched from one 
Healthy 63 19.57 6.7% trifoliate leaf of each of the 4 diseased and each of the 
Diseased \S 8.69 15.99 btu t healthy plants within each clonal group. One of each 
Healthy 1.60 2.11 1.0 pair was placed in a Warburg flask for measurement of 
Diseased S-P “ 6.08 : apparent photosynthesis. and the corresponding disk 
onsen p 19 : “4 ¥? was placed in a flask for determination of the rate of 
. He ths . an ‘ 160 respiration, the lower epidermis of the disk facing up- 
cape p 602 9 32 (i ward in both cases. For both measurements, the center 
’ Sh oBalinn 4] 17.50 ;go well and the sidearm of the vessel contained 0.1 ml 
Diseased P 82 11.35 06 0.25M bicarbonate buffer to provide a constant carbon 

\s very slight, S slight, P pronounced dioxide pressure 
Bay indicates dey welakt, Feed wolakt deta hesed on Attachment of the Warburg flasks to the manometers 
eplication, gas exchange data on 4. was followed by a 15-minute period of equilibration 


that did root. fewer than 30 survived for 8 months. 
whereas almost all of the healthy plants survived 
Presumably. the virus would also affect longevity unde 


the more adverse conditions in the field Reports in 


the literature (16, 19, 22) indicate that this is the 
ease. The differences between the clones suggest that 


it might be possible to find clover varieties that are 
tolerant to the virus. 

Since RCVMV was found to affect longevity of red 
lover under rather favorable greenhouse conditions, 
the work was extended to studies on the effect of very 
high temperatures on diseased plants. Four plants 
of one clone (2 healthy and 2 that had been inoculated 
ihout 6 weeks previously and were showing severe 
symptoms) and 2 additional old plants (about 2 years 
old. one healthy and one diseased ) were exposed for 
72 hours at a temperature of 38°C and at 100% 
relative humidity in an illuminated controlled-tem- 
perature chamber. They were then placed back on 
the greenhouse bench for observation. The diseased 
plants. both old and young. died soon after the treat- 
ment. whereas the healthy ones showed no injury. The 
experiment was repeated with different clones at a 
later date, and only one healthy plant survived. Since 
the 2 tests were made at different times of the year. 
it seems that ability to withstand high temperature is 
iffected not only by virus infection and clonal dif- 
ferences but also by the predisposition of the plants 

2) Effect of RCV MV infection on physiological proe 
esses.—The study of the effect of RCVMV. on the 
physiological processes of red clover plants 3. 6, and 
9 weeks after inoculation involved determinations of 
the rate of apparent photosynthesis, rate of respira 
tion, and fresh and dry weights of healthy and diseased 
lant samples, 


[he experimental material consisted of 2 clonal 


groups. with 8 plants each. The clones were obtained 
trom 2 different healthy red clover plants. Each group 


in a constant-temperature water bath of 30°C. Actual 
change in pressure (mm) was then taken for the 2 
flasks every 15 minutes and recorded as the rate of 
respiration or apparent photosynthesis, respectively, 
per minute per dry-weight unit. 

Photosynthesis proceeded in an illumination of 1000 
ft-c provided by fluorescent lights underneath the glass 
hottom of the water bath. Respiration took place in 
complete darkness. 

Weight determination involved the harvesting and 
weighing of the whole foliage of the experimental 
plants, which was then dried at 100°C in a constant- 
temperature oven for 48 hours and then weighed. 

The data on healthy tissue (Table 4) indicate sea- 
sonal variations in rates of respiration and apparent 
photosynthesis. Variations in the data for the 2 clones 
are probably attributable to the heterogeneity of the 
clover variety. 

Virus infection had a pronounced inhibitory effect 
on apparent photosynthesis. This effect was least 
noticeable 3 weeks after inoculation, probably because 
symptoms had not yet developed fully. Since certain 
areas of the infected leaves become chlorotic. it is not 
surprising that the rate of apparent photosynthesis is 
lower in such leaves than in normal leaves. It is not 
known whether the chlorotic areas resulting from in- 
fection by RCVMV are due to destruction of chlo- 
roplasts, to inhibition of chloroplast formation, or to 
inhibition of their development and functioning. The 
fact that symptoms become masked under certain con- 
ditions and reappear later, indicates that the effect 
of virus infection is reversible: this suggests that the 
chloroplasts are not destroyed. It is possible, how- 
ever, that virus infection destroys chloroplasts, but does 
not permanently affect the ability of cells to produce 
them. 

Infection by RCVMYV increased the rate of respira- 
tion (Table 4); this effect was most pronounced 3 
weeks after inoculation. This coincides with the onset 


of symptom development and probably coincides with 
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EFFECT OF PLANT RESIDLES ON ROOT ROT OF BEAN! 


William C. 


Snvder. Milton N. Schroth. and Theodosios Christou * 


stMMARY 


Fusarium solani {. phaseoli and. to some extent, 
Rhizoctonia solani and Thielaviopsis basicola, the 
principal causal agents of bean root rot in the 
Salinas Valley. were controlled in greenhouse tests 
by adding to field soil organic amendments of a 
high carbon-to-nitrogen (C:N) ratio. Control was 
achieved with mature barley straw. wheat straw. 


Mature barley 
straw gave good control, but green barley hav 
(with higher nitrogen) increased the disease se- 


corn stover, and pine shavings. 


verity. The benefits of mature barley straw were 
negated by adding nitrogen. Soybean and alfalfa 
residues that have a low C:N ratio increased root 
rot. 





he bean root rot problem in the Salinas Valley 


(California) has grown steadily worse with the inten- 
sive growing of small white dry beans. Phaseolus vul- 
earis L. The principal causal agents are Fusarium 
solani {. phaseoli (Burk.) Snyd. & Hans., Rhizoctonia 
solani Kiihn. and. early in the season, Thielaviopsis 
hasicola (Berk.) Ferraris. The pathogens. in varying 
proportions, infect the roots and hypocotyls, causing 
a cortical rot. 

When first used for beans, this land often produced 
as high as 30-40 100-Ib. sacks per acre. With repeated 


culture of beans, vields declined to the present aver- 


age. 20 sacks o1 less per acre, and the root rot com- 
plex has increased in seriousness. Higher yields. 
around 40 sacks per acre, have frequently been on 
acreage previously planted to barley. Growers also 
noticed that. after bean production had declined be 
cause of the disease complex. rotation with barley 
appeared to reduce disease severity and increase yields. 
Consequently. a study was initiated of the disease 
complex and its control by using barley straw as a 


soil amendment. 


MATERIALS AND MeETHODS.-The soil used was a 
sandy loam obtained from a bean field in the Salinas 
Valley The beans. grown in 2-lb. perforated coffee 
cans in saucers, were watered from below. Mature 


barley straw in segments 1-3 em long was incorporated 
inte the soil at the rate of 1.0°7 by weight of dry soil. 
The following amendments. in an air-dried condition, 
were used: mature barley straw. green barley hay, 
mature barley straw plus 0.367 ammonium nitrate by 


‘ 


weight. and mature barley straw plus 1°) sulfur by 
weight. Controls contained no amendments. The soil 
with amendments was incubated 10 days in the green- 

use before planting. Eight beans were planted 2 in. 
deep in each can. Three replicates were made of each 
series. The plants were harvested after 4 weeks, and 
the severity of lesions caused by F. solani f. phaseoli 
ind other reot-rotting pathogens was recorded. Amend- 
ments of wheat straw. corn stover, pine shavings, al- 


{ 


fa. and soybean residues were similarly tested. 


} 
| 
! 


EXPERIMENTAL RESULTS.—The hypocotyls and roots 


\ecepted for publication May 14, 1959. 
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of the control plants in a representative experiment 
were heavily infected and densely covered with red- 
dish-brown lesions that, under the environment im- 
posed, were caused principally by F. solani {. phaseoli. 
Under other conditions in other experiments, the major 
pathogen was R. solani or T. Lasicola, or both. Hypo- 
cotyls were more severely infected than reots. Beans 
in soil containing mature barley straw had a few 
scattered lesions on the roots and hypocotyls. \m- 
monium nitrate with the mature barley amendment 
nullified the beneficial effects otherwise obtained. 
Roots and hypocotyls were infected about as heavily 
as the control. Combining sulfur with mature barley 
straw also reduced control. though incidence of lesions 
on roots and hypocotyls was about half that of the 
controls. Green barley hay not only provided no con- 
trol but appeared to increase root rot slightly (Fig. 1). 

Amendments of wheat straw, corn stover, or pine 
shavings gave good control. with only a few scattered 
lesions on roots and hypocotyls. Alfalfa or soybean 
residues increased disease severity. with roots and 
hypocotyls being completely covered with lesions. Rot 
Was most severe with the alfalfa amendment, with most 
of the hypocotyls being almost severed. 

These results reflect especially the reduction of in- 
fection by F. solani {. phaseoli. Infection by R. solani 
or T. basicola, however. was also reduced by barley 
straw. wheat straw, corn stover, and pine shavings. 
Alfalfa and soybean residues especially increased the 
amount of infection by R. solani. 

Discussion. The results suggest that root-rot reduc- 
tion is related to a high C:N ratio induced in the soil 
by mature barley straw and other amendments of low 
nitrogen content. 

An organic amendment. rich in carbon and low in 
nitrogen, such as straw, presumably stimulates the 
growth of many microorganisms, with immobilization 
of soluble nitrogen resulting. The microorganisms ap- 
parently utilize the soil nitrogen in decomposing the 
energy source added to the soil. and F. solani f. 
phaseoli under these highly competitive conditions is 
unable to function as a pathogen. However, if nitrogen 
is added with barley straw. increasing the amount of 
available nitrogen, the pathogen again becomes active 
ind causes severe root rot. 

The differences in control between green barley hay 
and mature barley straw may be attributed to the 
difference it 


their composition. Green barley hay has 
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Fig. 1. Eff i 
slightly (left) barle ! ind reduced 


a smaller percenta gnin and other constituents 


resistant to decomposition, a higher content of water- 


soluble con nitrogen, and therefore a 
lower C:N ratio 

Wheat straw. corn stove ind 
which gave good control, have 
C:N ratios are about 80:1 in the 


stover, and 


all ot 
ratios. The 


pine shavings. 
oll ( \ 


straws. 60:1 in corn 


is high as 400:1 in pine shavings. 


Alfalfa and soybean residues, which = slightly in 
creased the severity of oot rot. have relatively low 
C:N ratios, about 16:1] 

Amendments with high C:N ratios also appeared 


amount of infection by F. solani and by T. 


to lower the 
haste ola. 


Murray! indicated that bacteria multiply rapidly 
Miller, C. | L. M. Turk nd H. D. Foth, 1958. 
Fundamentals of I Jol Wiley & Sons, Inc 
New York 20 Dp 
Murray, T. J. 192 effect of straw on the biological 
~ ~ ) ) {) 


soil processes 


or I imendments to field soil upon the developme nt of bean root rot 


(center) by mature 


, ’ 
Roo rot Was increased 


barley straw. The control Cright) had no amend. 


when straw is added to soil and play an important role 
in immobilizing That 
such a role in the tests reported here is indicated by 


nitrogen, bacteria may play 
the reduction in disease control when sulfur was added 
with straw to lower soil pH from about 7.5 to about 


With slower 


presumably had a 


5.0, thereby reducing bacterial activity. 


bacterial growth the pathogens 


larger supply of nutritients available and thus fune- 


tioned more effectively in bringing about root rot in- 


fection, 


Using organic amendments of high C:N ratios to 


control root-rotting organisms is more adaptable to 
since the 
their 


roots enable these plants to obtain at least some of the 


the legumes, perhaps, than to other plants, 


stimulation of nitrogen-fixing Rhizobia upon 


nitrogen they need for normal growth. 
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A CONTINUOUS SPORE SAMPLER ! 
S. M. Pady * 


SUMMARY 


{ new continuous quantitative slit-type spore 
sampler was built that gives 24 hour-long deposits 
on a 1X3-in slide. The main feature is a sampling 
column with pump attached (Dayton blower, 50 
efm). The upper revolvable half contains the slit. 
which has a 14X2-mm aperture less than 1 mm 
from the silicone-coated slide. Timing mechanism 
consists of 2 small electric motors (1/60 and 1 
rpm) that elevate the slide once each hour. The 


sampler is watertight, light, and compact, and has 
performed satisfactorily under all weather condi- 
tions. At a flow rate of 0.4 cu. ft. minute the 
eficiency is at least 50°. Preliminary studies 
of leaf and stem rust, Helminthosporium, Allter- 
naria spores, and hyphal fragments show definite 
hour-to-hour variations with peaks up to 50 spores 
cu. ft., occurring mostly in the afternoon, with 
occasional peaks at night. 





\erobiological investigations of plant pathogens, 
particularly of the dissemination and concentration of 
fungus spores, are valuable in understanding the epi- 
Although the oc- 
currence of spore showers is generally accepted, there 
Adhes 


ive-coated slides exposed for 24 hours are commonly 


demiology of plant diseases (2, 18). 


are few data on their concentration in the air. 
ised, particularly in the study of cereal rusts (11, 12, 
13). Quantitative samplers. as the Bourdillon slit 
sampler (1). G. E. electrostatic sampler (7), and the 
Pady-Rittis slit sampler (8), 
Little is known. however, of spore density throughout 


a 24-hour period. Hirst (4) devised a spore trap, a 


provide additional data. 


single slide moving slowly past a slit orifice, that 
gives a continuous quantitative record of the spores 
in the air. Panzer, Tullis, and Van Arsdel (17) con- 
structed a sampler with 24 slides, each slide receiving 
an hour's deposit. It seemed desirable to construct 
i slit sampler that would deposit spores in 24 one-hour 
bands on a |< 3-in. slide. This paper describes such 
: sampler. which is compact. light. and watertight. 
and has performed satisfactorily through the 1957 and 
1958 growing seasons. A preliminary report has 
ilready appeared (10). 

Ihe complete sampler is shown in Fig. 1. Basically, 
it consists of a sampling column (1:4. 1:5) with pump 
ittached directly to the column, both being mounted 
on a wooden frame and base (1:8). The upper rota- 
table part of the column (1:4) contains the slit assem- 
bly (1:3). which is protected by a rain shield (1:2 
and held toward the wind by a wind vane (1:1). Top 
ind side covers (1:6.1:7) protect the pump and timing 


mechanism. 
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Department of 
Expt. Station 
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drawing Fig. 5 and 6. 


In Fig. 2 the wind vane (2:1), rain shield (2:2). 
slit assembly (2:4), side and top cover (2:17). and 
outer cover of the sampling column (2:3) have been 
removed to show internal parts. The slit assembly 
(2:4) consists of a flattened tube, 50*20*8 mm, with 


an internal orifice 142 mm. 


\ curved flange on the 
slit fits snugly against the cover and is held in position 
by a lock bar and nut. The outer end, which faces the 
wind, is beveled to a knife edge. The opening for the 
slit assembly can be seen in the side of the column 
2:3). The pump (Dayton Blower 110V, 60C, 


[0 cfm) (2:11) and motor (2:13) are held in posi- 


cover { 


tion by 2 metal straps (2:12). 
| 


Inside the column is the 
motor mount (2:5) and elevator motor (2:6) with 
slide holder and slide. 

The timing mechanism, fastened to the frame, under 
the motor, consists of an electric motor (2:15, 1/60 
rpm) and a relay that activates the elevator motor 
(2:6, l rpm). The motor (2:15) is fastened to a metal 
plate with a 2-in. disk mounted on the motor shaft 
and a short rod soldered to the edge of the disk 
Phe relay (2:14) is positioned on the plate so the rod 
contacts the relay button. Adjustment screws on the 
relay permits lengthening or shortening the contact 
time to permit satisfactory spacing of bands. A manual 
switch (2:16) activates the elevator motor for removal 
and insertion of slides. 

In Fig. 3 the components of the sampling column 
have been separated and arranged to show their re- 
lationships. A 13-in. microscope slide (3:5) is 
inserted in a removable slide holder (3:4) and held 
in place by strong brass spring clips. The motor 
mount (3:3) has grooves on the front to carry the slide 
holder. and the elevator motor (3:6) is attached at the 
rear. The holder has a rack that meshes with a pinion 
gear on the elevator motor. A screw (not shown in the 
photograph) fastens the motor mount securely to the 
column (1:8). When the slide holder is in position, 
the top of the slide is opposite the slit orifice and less 
than 1 mm from the slide. Wires from the elevator 
motor soldered to 2 contact rings (3:10) mounted on 
a Lucite ring (3:9) provide a continuous connection 
with electrical contacts (3:11) in the fixed base (3:16) 
and lead-in wires (3:19) from the timing mechanism. 


\ slotted sleeve (3:12), attached to the upper column, 


ii 
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Fig. 1-4. | 1) W 2) rain shield, 3) slit assembly, 4,5) movable and fixed portions of 
sampling c¢ 6) 7) side cover, 8) base. Fig. 2. Sampler with covers removed. 1) Wind vane, 2) rain 
shield, 3) 1) ISs¢ >) tor mount, 6) Elevator motor, 7) base of upper movable portion of 
column, 8, 9, 10) i ng column, IL) squirrel cage blower, 12) metal holding straps, 13) motor of Dayton 
blower, 14) 15) 16) inual toggie switcl! 17) cover Fig. =. Exploded View ot sampling col- 
umn and | 1) 2) isseml| 3) motor mount, 4) slide holder. 5) glass slide, 6) elevator motor, 7) nut 
to hold cover, 8) n, 9) Lucite ring, 10) contact rings, 11) electric contacts, 12) slotted sleeve, 
13) upper 14) r roller bearing, 15) bearing ring, 16, 17, 18) parts of lower fixed portion of sam 
ing column, 19) 20) Da Fig. 4. Photograph of slide No. 336 exposed July 4-5, 1957, showing 


typical bar 
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Fig. 5. Numbers of leaf rust and Alternaria spores, June 
7-8, 1957. 


extends into the fixed base (3:16. 17).  Roller-bear- 
ing rings (3:13. 14) allow freedom of movement, and 
the slotted sleeve permits unrestricted air flow. The 
pump 3:20) is fastened to a plate soldered to the 
hase of the column. and all joints are airtight and 
watertight. The flow rate is 0.4 cu. ft. min. (11.3 liters 
min.). 

The sampler was bolted to a platform table, 150 
ft. above the ground. on the roof of a campus building. 
and there was free flow of air around the platform. 
Electric outlets under the platform provided the neces- 
}0 and 9:00 


sary current. Slides, changed between 8:3 


4M. each morning, were coated with 
DC-4). 
Slides may be read under low or high power. Large 
\lternaria. and Helmintho 


sporium are readily observed under low power without 


silicone grease 
\ typical slide is shown in Fig. 4. 

spores such as the rusts, 
1 cover glass. In practice it was found best under low 
power to examine an entire band rather than just a 
few fields. Numbers per cubic foot were determined 
by dividing the number of spores per band by the air 
volume. One disadvantage encountered is that dust 
oncentrations in the air may cause such heavy dust 
leposits that spores may be obscured (Fig. 4). 

The size of the slit and the distance from the slide 
ire the same as in the Hirst (4) spore trap. which has 
i minimum efhciency of 45°7 at 17.5 liters/minute 
The efficiency of this 
ft./min. (11.3 liters/min.) is at 


ind 70°, at 10.0 liters/minute 
sampler it O.4 eu. 
least 50 
RESULTS In Fig. 5 and 6 spores of leaf rust (Puc 
rubigo-vera (DC) Wint. f. sp. tritici (Eriks 
eton), Alternaria, Helminthosporium, stem rust 
P. graminis Pers. f. sp. tritici Eriks. & E. Henn.). 
hyphal fragments, and meteorological data on wind 


7 


nd precipitation are given for June 7 and 8, 1957 


PADY: A CONTINUOUS SPORE SAMPLER 759 


In all cases there was a distinct hour-to-hour variation, 
but with a maximum in the afternoon and with one or 
more minor peaks. With a continuous south wind, 
leaf rust urediospores reached a peak of 55 cu. ft. at 
\ wind 
change to the nerth occurred at 10 p.m., followed by 


3 p.M., followed by a sharp decline (Fig. 5). 


heavy rain at 3 a.M., with light rain continuing to 
9 a.M. The effectiveness of precipitation in removing 
spores from the air is well illustrated in the two figures. 
There is evidence also that the air mass that moved in 
at 10 p.m. had a much lower concentration of leaf 
rust spores (Fig. 5) and stem rust spores (Fig. 6). 
Ihe slides read are insufficient to determine whether 
or not these results are typical. Leaf rust uredio- 


of these, 11 


had a single peak. 8 an afternoon peak at 3-5 P.M., 


spores have been examined in 17 slides; 


} an early morning peak at 1-5 a.M., whereas 6 had 
two peaks, one in the daytime, the other at night. 
Of 9 stem rust slides, 
between 1 and 5 p.M., and one at 7 A.M., 


5 had single daytime peaks 
whereas 3 
had two peaks, one in the daytime, the other at night. 
Results of these studies in 1957 and 1958 will be 
reported later. 

Discussion.—Continuous quantitative samplers are 
a relatively new development in the field of aero- 
biology. The Hirst spore trap (4) and the sampler 
of Panzer, Tullis. and Van Arsdel (17) are making 
possil le basie studies in the biology of the airborne 
fungi and are providing information on the dissemi- 
nation of fungus spores. The results obtained by both 
of these samplers clearly indicate a great variation 
in numbers of spores throughout a 24-hour period. 
In England, Hirst (5) found that most spores showed 
a well marked diurnal periodicity, with Alternaria, 
Cladosporium, Erysiphe. smuts, and rusts having a 
peak in the afternoon.. At night, and following rains, 
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Fig. 6. Numbers of hyphal fragments, Helminthospo 


rium and stem rust spores, June 7-8, 1957. 
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hya 1 asco nd also by the recent discovery that these hyphae ars 
y nd Van viable and hence capable of producing a colony o 
(rsdel patte I \lte iria causing infection. It is believed that these hypha 
Penicill 1 Curvularia fragments represent an important means of funga 
having | mm in mildew ropagation that has been largely overlooked 
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yphae are \ DISEASE OF CARNATIONS CAUSED BY THE NEMATODE H) 
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e hyphal S. A. Sher . 
4 fungal ae 
“dd. SUMMARY 4 
Y ev 
Criconemoides venoplax Raski can cause a dis soil with ¢ 1 op i produced the disease. \ ’ 
vce of carnations characterized by a reduced root Paratylenchus sp. from the same soil had no signifi- : 
cystem. stunted top growth, and reduction in num cant effect on carnation plants. The name, ring 
er of blooms Phe diseast was eliminated by nematode decline of ¢ irnations, ts proposed for this 
PHOMAs erowing plants in tumigate i soil Infestation of disease, 
inting air. 
of plant 
eile Sei Nematodes were first reported as a possible cause var. Alenius) were planted in each pot, and the pots 
Ais ef disease in carnation (Dianthus sp. in 1881. by were randomized on a greenhouse bench. * 
: Me15. Berkeley (1). In 1894 root-knot nematode | Veloid [wo months later, the plants were cut back to 6 in., JS 
pore tray gyne sp.) Was first recorded as a disease of carnations — and remaining side branches were pruned and theit “ 
1] Chitwood recorded Meloidogyne javanica attack dry weights taken. Observations were made of the ay 
pend: ng carnation in 1949 (3), and Sasser in 1954 demon tops and roots of the plants 6 months after the start ” 
strated that 3 other species of rootknot——M. incognita, of the test. Two 50-ce soil samples were obtained La 
ithin and WV. hapla, and M. arenaria—can parasitize carnation, from each pot and put on a modified Baermann funnel 5 
yeol. So WV. hapla causing only an extremely light infection for 3 days, and the nematodes obtained were counted. WW. 
TAYuos y Other species of plant-parasitic nematodes re- Roots from each series were cultured for fungi. Dry 4") 
en. Ele ported to parasitize carnations are Heterodera schachtii weights were taken of the entire plant. Na 
(6). Heterodera trifolti (8). and Pratylenchus praten 14 
for aer sis (4). Recently Jenkins and Taylor described Para Resunits..-Plants grown in both fumigated series hy 
cad. S rylenchus dianthus as a possible factor in the poo were noticeably larger at the termination of the test UN 
7 ied, alt ieee Sh than were plants grown in untreated soil (Table 1). 
a : Soil samples from carnation nurseries in southern Phere were no observed differences in the plants grown ‘ 
1S spore California often contain Meloidogyne incognita, a '™ the chlorepicrin-treated soil and the D-D treated “a 


, 
hea) Paratylenchus sp). and Criconemoides xe noplax Raski soil \ Paratylenchus sp. was recove red from 11 of the 
robiology : ) area 1 < > ’ > < , 
The rootknet nematode has been the only nematode 12 replic ations in the D-D treated plant ; \ Para 


rusts it : tylenchus sp. and C. xenoplax were recovered ji ll 
882-885 pest of carnations recognized by southern California diy ; I : em & 
real rust growers. Because species of the genus Paratylenchus the replications of the untreated soil. Nematodes 
in 1% ire known plant pests (7). and Criconemoides xeno were not recovered in the chloropicrin series (Table 
« ' ‘ . S . > s . 
real rust plax feeds on plant roots (10) and is reported as a Ll). A Fusarium sp, and a Rhizoctonia sp. were re- 

al Is . re B ots 4 series 
in 1957, possible plant pest (2). a preplant fumigation test covered from the roots of all 3 series. 
S j to s se ‘ ining Para 
was applied to soil from a nursery containing Pare SOIL INFESTATION EXPERIMENT.—Materials and meth 
Hung! 


tylencl <p { : > res s Oo { } ; 

ieee tylenchus sp. and C. xenoplax. The results obtained ods One-month-old rooted carnation cuttings (var. 

from this test led to further investigation to ascertain Pink Sim) were planted into 40 4-in clay pots con- 
pl : 


1ir over whether C. xenoplax could limit the growth of carna taining steam-sterilized sandy loam. Ten pots were 


hens infested with about 6000 Paratylenchus sp. per pot: 
r Masses 





() ‘ ~ lino f » ‘ : - 
Botany SOIL FUMIGATION EXPERIMENT.— Materials and meth 7 pot with about 6000 C. a noplan per pot; 10 pot 
V a> gs F “ é r ‘ 4 
— is.-Soil (sandy loam) from a carnation nursery in _ — that had contained Criconemoides and ' 
RSDEI ° ( 0 its 5 istille 
Penal Los Angeles containing a Paratylenchus sp. and Cri aratylenchus, and 10 pots with 30 ml of distilled “ 
t water. The washings series was obtained by pouring “he 


conemoides X¢ noplax was used to fill six 3-gal. glazed 
h. Aero- crocks. Iwo crocks were treated with D-D (1.3-di the water containing the nematodes (a Paratylenchus 
fev. 12: sp. and Criconemoides xenoplax) through a 325-mesh 


chloropropene; 1,2-dichloropropane). 3 ml per crock: 


Am 7S; 


2 crocks were treated with chloropicrin (trichloronitro screen » times to remove the nematodes and collecting 








ssemina ; , the water in a pan. Fifty ml of this was poured around ‘ 
Perond methane). 3 ml per crock: and 2 crocks were untreat " o pen. as | aroun ny 
ed. The fumigants were pipetted into the center of the = , 
| /: Pasre | Effect ot preplant soil fumigation on control of ry 
crock, and the soil tamped down lightly. A = %o-in - 
~ nematodes and growth of carnations qos 
water seal was used on the chloropicrin treatments 14 
Three weeks after treatment the soil was transferred to Dry weight® Nematodes per 100 ce of soil ] 
 4-in. clay pots, making 12 pots in each series. One Preatment (go) Paratvlenchus Criconemoides ve 
month-old rooted carnations (Dianthus caryophyllus 
. 
( hloropicrin 20.8 QO 0 | sais 
D-D 19.4% 192.7 0 hs 
Accepted for publication May 18, 1959 l ntreated 10.6 66.3 151.6 lg 
Paper No. 1141, University of California Citrus Exper 
ment Station, Riverside “— Significant at .01 level over the untreated plants 
761 /@ 
| 4 
| 
| . 
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by recorded. Six months after the start of the test. obse 
f vations were made on the tops and roots. Roots frog 
: ¥ each series were cultured for fungi. Dry weights of 
? X\, the plant were taken. Nematode counts were made as 
} Md in the previous test 
‘ / \ 
Resttts.—All the plants grown in the Cricon 
a / moides-infested soil were noticeably reduced in siz 
, hy . (Fig. | Plants in Paratylenchus-infested series wer 
smaller than in the 2 series without nematodes, but 
noticeably larger than those in the Criconemoides sey 
, ies. Flowers were produced by all of the plants in thy 
ntreated and washings series, only 5 of the 10 replica 
tions of the Criconemoides series. and 9 of the 19 
plants in the Paratylenchus series (Table 2). Roots 
of the plants in the Criconemoides series were al 
markedly reduced. whereas those of the Paratylenchus 
series appeared slightly smaller than the 2 series wit! 
out nematodes, but noticeably larger than the Cricone 
moides series (Fig. 1-B). High populations of a Para 
tylenchus sp. and C. xenoplax were recovered from al 
pots inoculated with these nematodes (Table 2). 

Examination of the carnation roots of the Para 
tylenchus-infested series under a dissecting microscope 
showed numerous Paratylenchus sp. with their anterio 
ends embedded in the roots. Similarly. the Cricone 
moides series showed numerous Criconemotdes at 
tached to the roots. 

Possible pathogenic fungi were isolated from. the 
roots as follows: Pythium spp. from the series receiy 
ing no treatment and the series infested with a Para 
tylenchus sp.: a Fusarium sp. from the series receiving 
the washings from which the nematodes had been re 
moved: and saprophytic fungi from the series infested 
with Criconemoides xenoplax. (Fungi isolations were 

) 


by Lily H. Davis. Department of Plant Pathology. Un 
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Fig. |. 1 i irnation plants grown I Discussion. —Results of the first test indicated that 
' . on - fy tr 1 hie ne treatment ; 
steam-sterl esata n Criconemotdes xenoplax may he the cause of a disease 
washings re todes i ee! removed, a : 
Pp 1 of carnations characterized by a markedly reduced roo 
-ystem and stunted plant. The elimination of Cricone 
moides. but not Paratyvlenchus, by the fumigant D-D 
each plant as heck On associated micro indicates that this chemical is not as effective against 
organisms The | t randomized nm i green Paratvlenchus. 
house hens In the second test only Criconemoides-infested 
The nematodes us this test were obtained by plants showed a highly significant reduction in growth 
infesting 6 pots w 00 C. xenoplax each. and pots root system. and flower production. Although Para 
with 100 P f r ss each from the previous test. 
The nematodes we lually picked out, put into ance 2.-Effect of Criconemoides xenoplax and a Para 
: fy enchu sp. or growtl und Hower ny rducti m of 
distilled water. and i the roots of carna $s sp i ‘ ( ( 
. carnations 
tions growl n steam-sterilized 5-in. clay pots. Three 
ronths ftey fest of the ots the = soj S 
month ’ | wa Dry weight® No. Nematodes 
washed through soil screens and putonn odified Baer- Treatment (oa) flowers per 100 ce soi 
mann funnels for davs An average of 12.000 C. ; ————— 
/ . ' , re ve ' ma ] yore , 
venoplax we ec ( ind 41,000 Paraty sisal 118 >] 26.4 
fenchus s} ner pot Paratvlenchus sp. 18.6 1] 391.9 
Iwo months fte ition wit ematodes. all Washings from nema- 
is toe fested soi 0.8 p Rs 0 
the plants were it back to 6 it ind all side branches tode infested soil « sage 
1 ly rea | 2] } a) 0) 
were removed, and their dry weights taken individually 
The number of flowers produced bv each plant was Significant at .O1 level over other series 
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ciahe ‘ ‘ 'l litior f thi paella 1. Crossman, L., ano J. R. Curistie. 1937. Lists of plants 
= s of ercrtart " ade ne conditions o lis e ” en } 
in growth undet | ‘ I attacked by miscellaneous plant infesting nematodes. ‘. 
made as Both tests indicate that this Paratylenchus sp. was not Plant Disease Reptr. 21: 144-167. ; 
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\IATERIALS Over the 3-year 
1954 ass isolates were obtai 
red 15 locations in Minnesota and ot 
or more locations in Illinois. Wisconsin, South Dakota 
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rable | The number of tsolates of blackstem pathogens Paste 2.—Diameter of pycnidia of blackstem pathogen 
irom different hosts in each of the 7 groups based on produced in 2l-day-old cultures on potato-dextrose 
rai ¢ fural appearance agar 
‘; 
. 4 ’ 
Red Sweet Pyecnidial diameter in ' 
( I Alfalta lover lrefoil Vetch Alsike clover microns® a 
} ‘ 
: Culture no, Host Range Average on 
mono- | , 4 ' ‘ . ‘ 
ap r 0 , 0 0 2 RC-501 Red clover 161-350 225 ti 
one - ~ > > rr > - 
as I ) 0 | | RC-.502 Red clover 146-307 210 a 
alfalfa I\ 14 2 0 ( 0 0 RC-519 Red clover 175-438 306 - 
=m on \ 10 U U UY 2 Ré 22 Red clover 175 365 276 ’ 
5 () () i) ) Pa ] 7= Dp » f : 
fas = VI () : Ri — Red clover Ivo ra 290 vie 
1] if l 0 uv U ~ Re | Red clover 17 ) 52 250 he 
ne for rot 60 53 8 RC-535 Red clover 102-263 7 in 
kM RC-543 Red clover 146-277 218 yy 
4-502 Alfalfa 102-438 257 Ot 
vith a drop of a spore suspension using an eye \-908 \lfalfa 146-438 282 iy 
: . “19 ‘ en ” 7 
lropper or by dipping the plants in a mixture of \-512 Alfalfa 190-369 29] | 
se lial bt 1] ' \-515 Alfalfa 49-438 295 Le 
anh ol spores and mycelial ie 8 nts obtained by macerating 4.532 Alfalfa 234.409 298 ad 
i , culture in a Waring Blendor. 4-538 Alfalfa 263-58 457 I 
onection \-590 Alfalfa 175-555 374 ¥ 
ilfa. and ResuLTs.—¢ ultural appearance. One hundred and \-557 Alfalfa 19.496 353 . 
of loca. thirtv-seven monoconidial isolates from alfalfa, red P-503 lrefoil 204-467 262 ik 
d three love! -weel clover. alsike clove! trefoil. and vetch \ .505 Vetch 117-350 197 » 
fruit were grown at one time in triplicate cultures to dete! x Ww Sweet clover 190-496 30) bak 
ee : | \C-505 AIsike 117-292 188 jin 
and or mine whethe! the cultural char ieteristics ot the ™ 
of the fungus ¢ tuld be correlated with the host from which ‘Based on 2 pyeniaia per isolate ‘ 
ers and they were isolated. An attempt was made to classify ‘ Fi 
iccurate the cultures into 7 groups on the basis of their ap [wenty monoconidial isolates (8 from alfalfa. 8 ba 
m fun wearance There was no correlation of cultural types from red clover. and 1 from each of vetech. trefoil. ja. 
species ind host trom which they were isolated (Table 1) alsike, and sweet clover) were crown on 6 different We 
In addition to the differences between single-spore igar media: potato-dextrose (PDA), corn” meal, 
. ’ 
«lates. some cultures were extremely unstable and Czapek’s, malt. alfalfa extract. and red clover extract. “ 
period sectored profusely On none of the 6 media could the isolates from alfalfa fh 
. e’ 
diseased Qne hundred and seventeen single conidia were be distinguished from the isolates from red clover. WP 
ind one solated from a red clover isolate. and 323 single In addition. isolates from the other legumes were * 
Dakota, conidia from 3 isolates from alfalfa. Of the 117 sub similar to one or more of those from red clover or : Fe 
=9 ; * 
od. 539 solates from red clover. very few were identical. and alfalfa. fa 
j j } j s 
alfalfa subisolates were found that fit the description of all Pycnidial development.—-Cultures varied greatly in 
| ts 
or more but one of the previously described cultural groups. their ability to produce pycnidia in culture. Some 2 
‘braska \n equally wide range of cultural types was present of the 137 monoconidial isolates fruited prolifically " 
\laska, n the subisolates from alfalfa. on PDA. whereas others produced few or no pycnidia Rs 
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ier by Fig. 1-2. Fig. 1. Spore length (range and average of 50 spores measured per culture) of 20 cultures of blackstem ; 
clover pathogens from different hosts, in u, when grown 28 days on potato-dextrose agar in Petri plates. Fig. 2. The effect of 
temperature on the percentage of septate spores of 3 isolates from alfalfa and | from red clover. 
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oO her media as well which had large spores in the first experiment. Ip 
Sectors from the ent slates commonly differed in — later experiments involving subcultures of this isolate 
their quantitative of pyenidia. The quanti- only spores averaging about 5 yw» in length were ob. 
tative produ t lia depended o the part served. It is therefore concluded that the subcultures 
ular isolate ! tl he A tf the py nidia with smaller spores were derived from sectors of the 
even will i! | msiderably original 4-502 isolate Phis observance ot approx, 
when the fu on PDA (Table 2 he mately the same range in spore size, irrespective of 
range of the lial e was higher tor host. is not In agreement with earlier findings (5, 8). 
cultures fre from red clove Howevel From Fig. 3 and 4 it can be seen that the media op 
it was ' such as which the cultures were grown had no marked effect 
REC-519 and A f isis OF size f pyenidia on spore size with most cultures: however, practically 
Furihermore | in another section. the no change was observed with culture RC-522. 
difference ( ! Was not apparent on host Percentage of septate spores Several workers (2? 
fissure Sgt pyenidial color from a 1. 6, 9. 15, 16. 17. 18) have shown that some isolates 
tan to black ectoring colonies. These from both red clover and alfalfa have septate spores, 
color differs enerally very sl tT, were but that other isolates from both hosts have onlv non. 
present i lonies, and were the most septate spores. Of 629 mass isolates examined. over 
distinct prior t e pyenid were scattered 6) of the collections from both red clover and al. 
in most cull me ciun was found — falfa had only non-se ptate spores. Table 3 summarizes 
in an occd the data on the percentage of septate spores in 137 

Spore § \ 7 ot thre spores had a monoconidial isolates crown on PDA, It is obvious 
range in lengt! is can be seen 1 Fig | from the data that the percentage of septate spores 
There size of produced by the organism from a given host is not 
isolates from diff ts. except for culture A-502 constant. but varies among isolates 


A-5 02,A-508,A-512 ,A-515 ,A-5 32,A-5 38,A-550,A-5 57 
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Fig. 3-4. | flerent edia on spore size (range and average of 50 spores measured per culture) of 8 
cultures of bla or iifa il } rea lover. Media were: l. potato-dextrose agar; a Czapek’s 


agar: 3. malt agar: 4 | agar: 5, alfalfa agar: 6. red clover agar. Range of spore size: Base of rectangle indicates 


maximum nax l engtt 
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paste 3.—The number of cultures of blackstem pathogens 
with their respective percentages of septate spores 


when grown on potato-dextrose agar 


Percentage ot septate spores 


Host ) trace to 5 6-20 21-50 51-100 
Red clover 1 7 0 2 0 
Alfalfa 1 I] 2 2 2 
Trefoil ; 0 0 0 0 
Vetch | 0 l 0 0 
Sweet clover ) 2 0 0 0 
Alsike ) l 2 0 0 


For an analysis of stability of cultures to produce 
a given percentage of septate spores, 117 and 112 
monoconidial isolates were obtained, respectively, from 
an isolate from red clover and an isolate from alfalfa. 
This particular isolate from red clover had no septate 
spores, though some of the subisolates did. Six per- 
cent of spores from the isolate from alfalfa were 
septate. and subisolates ranged from 0 to 6% in 
amount of septate spores, 

It is significant to note that a monoconidial isolate 
from alfalfa with 2°) septate spores yielded some 
monoconidial subisolates that produced no septate 
spores and others that produced as high as 50% 
septate spores. The percentage of spores with a sep- 
tum, therefore is not a valid means for distinguishing 
hetween these fungi. 

The medium on which the cultures were grown had 
a decided effect on whether a_ culture produced 
septate spores. One isolate from red clover produced 
no septate spores on PDA, corn meal, alfalfa extract. 
or red clover extract agar media. whereas 12 of the 
spores were septate on Czapek’s agar. 

Only one of 8 isolates from red clover. RC-501. 
produced any septate spores when grown on auto- 
claved alfalfa and red clover stems. Seven of 8 isolates 
from alfalfa produced at least a few septate spores 
when grown on either red clover or alfalfa stems. 
These results might indicate a distinction between 
isolates from red clover and alfalfa. but distinguishing 
between red clover isolates and an alfalfa isolate such 
is A-532. which produced no septate spores on either 
iutoclaved red clover or alfalfa stems. does not ap 
pear to he possible on host stems. 

The effect of temperature at which the cultures 
were grown on the percentage of septate spores is pre- 
sented in Fig. 2. One of 8 isolates from red clover 
ind 4 of 8 isolates from alfalfa preduced a higher 
percentage of septate spores at the lower temperature 

Table 4 presents data on the percentage of germi- 
nating spores with a septum. Several observations 
from this experiment were pertinent to the compara- 
First. in all isolates except two from red 
clover. some septa were produced in the spores when 
they germinated. Secondly. in cultures that normally 
produced only a trace of septate spores, as many 
spores as 45° had one septum. Furthermore. no 
difference in rate of germination was found between 


solates from alfalfa and from red clove 
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Pasce 4..-Germination percentage and percentage of germt- 
nating spores of blac k stem pathogens that were 
septate in sterile distilled water 


Per cent of germi 
nating spores that 
were septate 





Culture Per cent 

Host no. germination® Range Average? 
Red clover RC_50] 55 05 LS 

Red clover RC-502 58 0 4 1.0 

Red clover R¢ 18 0-15 6.3 

Red clover R¢ 28 0.0 

Red clover R¢ 58 0-1 0.2 

Red clover R¢ 20.0 (1 repl.) 
Red clover R¢« 53 0.0 (5 repl.) 
Red clover R¢ 84 0.4 LS 

Alfalfa \ 95 65-100 82.5 (2 repl.) 
Alfalfa \ 7 1-10 6.2 

Alfalfa \ 32 0-33 10.8 (6repl.) 
Alfalfa \ 39 5-15 11.0 

Alfalfa \ 23 05 1.0 

Alfalfa \ 15 0-45 90.3 

Alfalfa \ 57 +20 9.0 (5 repl.) 
Alfalfa A~557 16 0-20 1.0 (6repl.) 
refoil r-503 22 0-3 0.5 

Vetch \V-505 37 0-3 0.9 

Sweet clover SC_505 5 0-15 9.2 

Alsike AL-505 26 9] 0.2 


‘12 hours following subjection of spores to conditions 
favorable for germination. 
b Average of replications unless indicated otherwise. 


Vorphology of blackstem pathogens on host tissue. 

The pyenidia were more uniform in size when pro- 
duced on infected plant parts collected in the field 
than when formed on an artificial medium. Their 
range of diameters on host tissue was 150-250 yp. 
Pyenidia on infected alfalfa plants were the same 
size and had the same range in size as pycnidia on 
infected red clover plants. The pycnidia are produced 
primarily on dead tissue, and only rarely have 
pyenidial primordia been observed on what appeared 
to be living tissue. Immature pyenidia are light to dark 
brown: mature pycnidia become black and carbona- 
ceous, and are globose, with a short neck and a small 
ostiole. Little variation in shape or color of pyenidia 
was observed between collections. regardless of the 
host from which the collections were obtained. 

Johnson and Valleau (5) stated that spores on 
alfalfa were uniform in size and shape, while spores 
on red clover were more variable in size. Of 185 
collections examined in this study, about one half of 
the isolates from red clover had spores that were 


variable in size and shape. Just as high a frequency 


Paste 5.._Number of collections of host material infected 
with spring blackstem fungi and the relative per 
centage of septate spores found in the collections 


Percentage of septate spores 


Host Total 0) I~ 6-20 21-50 
Alfalfa 96 66 d 2 l 
Red clover 8Y ri) 1] ) 0 











768 PHYTO! 
of é mone rtlec 
on Iron ilfall 

Pable » present ] the number of collections 
of infected host f | and the relative percentage 
of septate spore f ; the collections. Clearly 
collections t I septate pores are just 
is Irequent on red i on altalta 

Growth rate When the 137 monoconidial 
isolates were ow PDA from uniform mycelial 
inocula, there wet derable differences in the 
diameter of different moneconidial lines. but this 
was not associated host fron which they 
were isolated 

Schenck and Gerdemai 1 stated that It was 
possible to disting <olates from alfalfa and red 
clover on the bas { growth rate from a single spore 
on PDA. The isolates they studied grew 
faster than did the from alfalfa 

For tests on whethe ch a difference was chara 
teristic of the prese terial. 8 cultures, -represent 
ing 4 cultures from red ck ind 4 from alfalfa. were 
selected at randon The 4 cultures from red clover 


H-RC-1 and I] collected 


clove! 


were I 
in Illinois) and M-R¢ ind M-RC-2 from red clover 
collected in Minnesot The 4 cultures from alfalfa 
were I[I-A-5, M-A-IE. M-A-2. M-A-3 (the first) from 
ilfalfa collected in Ili : and the others from Minne- 
sota ) 

The data I id X | nsion ire presented in 
Fig. 5. Very little difference in culture diameter was 
observed amor cultures derived fr single spores 


obtained nidial | t culture 


Irom aren 
Additional data , t hown a considerable range 
in growth rates ‘ iltures from beth alfalfa and 
red clover 

(ine obvious cone that ot ill cultures trom 
red clover orow taste iron i sin t spore than do 
cultures from alfalfa: however i higher incidence of 
fast-growing isolates wa btained from red clover 
than from alfalfa | considerable difference 
in growth rate fro e spore of cultures from 
different sources whe he rowth is measured as 
radial expansio PDA in Petri plates 

Vuclear With thie variabil 
ity among culture le 1 from single spores, it was 
thought necessary he nuclear condition 
of the spores : a re were iltinucleate i 
phenomenon I \ ould possibly 
account tor the ty bserved. If the spores 
were uninucleate lity would have irise 
from mutation or tro ro-environmental effects on 
the expression of f enotyv pe \ nuclear stain 
developed by Grass for the smuts. a modification 
of the Giemsa-H¢ " found t e satistactory 
for the blackst 

Unicellular conid tained nucleus 
Septate spor Is ell. The 
germ tubes of sport iliv contain one leus 
per cell other tha rminal ell which was 
generally n Au lat I lar n 


ATHOLOGY Vol. 49 
nuclear condition, regardless of the host from whiel 
they were isolated. Nuclei appeared to he dividing 


by endomitosis. 


Che variability observed, therefore, must arise either 


from mutation or from mirco-environmental effects 


' t 
(ork ft 


hie expression ota olive n genotype 


Hyphal anastomosis. In a study on the germination 


of conidia. a few conidia were observed either to tuse 
directly or to form short hyphal connections, eithe 
between germ tubes or between a germ tube and a 


conidium. This is evidence that anastomosis occurs 
within a particular isolate. If anastomosis occurs 
between isolates from alfalfa and from red clover. 


would possibly indi ate a close relationship hetween 


them. Such a relationship has been found in the Koj 
molds (4). Furthermore. if heterocarvosis is assoej 
ated with hyphal anastomosis, it would be evidence: 
that isolates from the two hosts draw on a common 


cene pool. Hyphal anastomoses, though Infrequent, 


were observed when conidia of 4 cultures. 2. from 
ilfalfa and 2 from red clover. were streaked 1 in 
ipart (in all possible combinations) on agar plates 
ind allowed to grow together. It was not possible 
to observe anastomosis between conidia or young 
germ tubes of 2 different cultures. since no wav was 
found of consistently differentiating between the 
spores of any 2 isolates 
The presence of hyphal anastomosis between 

isolates is taken in these experiments as evidence of 


\nasto- 


MOsis oc¢ urred as often between isolates from different 


a close relationship of the isolates concerned. 
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Tests of pathoge nicity.— All of the 50 isolates tested 
were pathogenic on red clover and alfalfa. Some 
‘colates from red clover and some from alfalfa were 
equally pathogenic on beth hosts. The majority of 
cultures from red clover were more pathogenic on 
red clover than on alfalfa. The converse was true of 
solates from alfalfa. 

Considerable variation in pathogenicity was ob- 
served between subisolates from 4 culture sources, 2 
from red clover and 2 from alfalfa. Considering the 
iniformity in vrowth rate of the isolates from a 
single source. there was great diversity among these 
same cultures in pathogenicity on alfalfa and red 
lover. For example. A-612 was very pathogenic on 
‘Halfa and only moderately so on red clover; A-614 
was very pathogenic on both alfalfa and red clover; 
ind A-621 was very weakly pathogenic on either host, 
even though all subisolates came from the same source 
isolate. All the plants used in these inoculations were 
of clonal origin so that variability due to the genotype 


of the host would be eliminated. 


DISCUSSION AND CONCLUSION.-Several conclusions 
are evident from the data presented. On the basis 
of method of development of the pycnidia and range 
of variability of cultural characteristics. the cultures 
were essentially identical. The monoconidial isolates 
were so unstable in respect to appearance. sporulation, 
ind per cent of septate spores that it was common 
for 3 mycelial transfers from a test tube culture to 
Petri plates to yield triplicate cultures that were 
distinctly different. 

Phe range in variability among isolates from alfalfa 
and red clover was similar. Of the characters studied, 
none was found to be consistently associated with 
the host from which the culture was isolated. Per- 
centage of septate spores was a variable character in 
isolates from both hosts. Not only were isolates vari 
ihle in the percentage of septate spores produced at 
inv time or in any subculture. but percentage of 
septate spores could be changed easily. and in some 
eases greatly. with slight changes in environment. 
Some of the cultures had a higher percentage of 
septate spores when grown at 5—-15°C than when 
grown at 25°C. The magnitude of the increase in 
percentage of septate spores with environmental 
changes differed with cultures. More of the isolates 
responding to the temperature changes were from 
ilfalfa than from red clover. However. the greatest 
magnitude of change in percentage of septate spores 
was about the same for both red clover and alfalfa 
isolates. Isolates from alfalfa had the same range in 
spore size as did isolates from red clover. 
\nastomosis occurred as frequently hetween iso 
ites from beth hosts. alfalfa and red clover. as be 
tween isolates from the same host. If hyphal anas- 

osis is an indication of the relationship of isolates 
is has been indicated by other workers (4), the ob- 
servation is further evidence that these fungi represent 
1 single group of highly variable individuals. If 


heterocarvosis oecurs with the hyphal anastomosis, 
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then the evidence is good that the cultures studied 
draw on a common gene pool. 

From the standpoint of pathogenicity or association 
with host species, there is no essential difference of 
taxonomic value. Nineteen cultures from alfalfa that 
were inoculated on red clover infected red clover. 
Seventeen cultures from red clover that were inocu- 
lated on alfalfa infected alfalfa. Furthermore, in 
many of these tests, the cultures from alfalfa were 
as virulent on red clover as on alfalfa, and the same 
was true of isolates from red clover on alfalfa. There 
was a tendency, however, for a higher frequency of 
isolates to be more pathogenic on the host from which 
the isolate was obtained. 

The evidence regarding isolates from alsike, sweet 
clover. vetch, and trefoil is the same. Because there 
were so few isolates, no definite conclusions are made 
regarding them. However, the results indicate that 
they also belong to this group of fungi that are similar 
to each other on the basis of morphology and physi- 
ology in culture, or host relationships. 

The question then arises as to what shall be con- 
sidered the valid name for the organism. If the or- 
ganism is considered a species of Ascochyta, the 
valid name is 4. imperfecta Peck. If the organism is 
considered a species of Phoma, P. herbarum West. 
var. medicaginis Fckl. is the valid name. The organ- 
ism is considered to be a member of the genus Phoma 
on the basis that 1) the majority of the cultures 
studied had only non-septate spores when grown un- 
der any particular environmental condition and 2) 
that 86% of the collections of the fungus on the 
hosts had only non-septate spores. An additional 10% 
had only 1-5 septate spores. On its “natural” 
habitat. the host plants, only 14°) of the collections 
could possibly have been recognized as a species of 
{scochyta, and several of these had only 1 septate 
spore of several thousand spores observed in the col 
lection. The organism best conforms to the description 
of the genus Phoma on the basis of predominance 
of cultures with non-septate spores and the predomi- 
nance of non-septate spores in those cultures that do 
have septate spores. Therefore. the writer agrees 
with Schenck and Gerdemann (17) that the name 
Phoma herbarum West. var. medicaginis Fekl. is the 
valid name for the organism on alfalfa. 

Peck described spores ot the species {scor hyta 
imperfecta as “variable. continuous to pseudo-unisep 
tate.” The description is considered invalid, because 
the organism did not belong in the genus Ascochyta 
if it did not have septate spores. 

The present data do not support the conclusion 
of Schenck and Gerdemann (17) regarding the re- 
tention of a separate species, Phoma trifolii, as the 
organism causing the spring blackstem disease on 
red clover. The organism on red clover is indistin- 
guishable morphologically. physiologically, and patho- 
genically from the organism on alfalfa. Differences 
hetween isolates are found: however, these differences 
are found among isolates from both alfalfa and red 
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ARTHUR J. 


Ml 


X, 1888-1956 


Norvel M. MeClung? 


Mix on 
the 


Jackson 


one ot 


The death of Professor Arthur 
September 8. 1956. the 
most distinguished faculty members at the University 
ef Kansas. Prof. Mix that 
instructor in Plant Pathology in the fall of 1916, and 
He was 


ended career oft 


came to institution as 
his productive life was largely spent there. 
promoted to Associate 1919, 
in 1924. and head of the Department of Botany in 
1931. a position he held until 1953 when he resigned 


Professor in Professor 


the chair to take a trip around the world. On _ his 
return he continued a full teaching and research pro- 
gram until his final illness in June, 1956 

The following positions were held and trips taken 
during leave from the University: 1917-18, Assistant 
Pathologist. U. S. Dept. of Agriculture: 1929-30, travel. 
England, Germany. Switzer- 
1930. the 


Eng- 


study. and collecting in 


land. and France: summer attendance at 


International Botanical Congress at 
land: 1935. travel and collecting in England. Norway. 


Cambridge. 


Sweden. Holland. Belgium. and France. and attendance 
at the International Botanical Congress in Amsterdam: 
1939, travel and collecting in Sweden. Lap- 
1939-40 study 


summer! 


land. and Norway: at Farlow Herbarium. 


Harvard University. and teaching at Cornell Univer- 
sitv: 1945-46. plant pathologist. U. S. Dept. of Agri- 


culture: 1950. travel and collecting in Norway. Sweden, 


Germany. Italy, France. and England. and attendance 
it the International Botanical Congress at Stockholm; 
1953-54. England, 
Italy. Canary Islands, Ceylon, India. and Japan. 


Thus. Prof 


mens of the fungus for 


travel and collecting in Norway, 


Mix traveled widely and collected spe i- 
which he was an international 
iuthoritvy. Taphrina species. The 
ences during all but the last of these trips is amusingly 
recounted in his “My Life 
speech given in May. 1952. at the 
retiring president of the Kansas chapter of Sigma Ni, 


1958 


story of his experi 


with Taphrina”” from a 


annual banque t as 


50(3): 315-325. 

Prof. Mix was born September 30. 1888. in Bolivar. 
N.Y... the youngest of the four children of Charles M. 
ind Rose Kenyon Mix. At Hamilton College he was 
in honor student and was elected to Phi Beta Kappa 


ind published in Mycologia in 


He was very interested in public speaking, science, and 
He even contemplated a teaching 
Greek, but finally 


‘ lassi il langu iges. 


career in Latin and decided in 


faver of science. However. a strong interest remained. 
is his later language facility showed. He read Ger- 
man, French. Danish. Norwegian. and Swedish with 


ease, and Dutch and Russian adequately. and spoke 
After 1910. he took a 


ob with a lumber company in Little Current. Ontario 


German well graduation. in 


The preparation of this manuscript has been made con 
siderably easier by the very generous help of Mrs \ J 
Mix, for which I am grateful, and without which this could 
not have rr 


written, I have freely, with pet 


nission, from her 


been “pirates 





ARTHUR J. MIX 
888-1956 


survived the rigors of a Canadian winter, an 
of smallpox in the camp, and the thrill of 


Bay. to the States 


| here he 


epidemi 


fishing in Georgian and returned 


educ ation. In 


the next summer. resolved on further 

the fall he enrolled at Cornell University on a Fellow- 
ship for an advanced degree in Plant Pathology. Dur- 
ing his graduate career. summers were spent working 


Fruit Growers Association, 
where he rounds of his clients on a motor- 
cycle known as “Apple Tree Annie.” Research for his 
thesis, “Sun-Scald of Fruit \ Type of Winter 
Injury.” was supervised by Drs. Donald Reddick and 
H. H. Whetzel. He was granted the Ph.D. degree in 
February. 1916, and spent 1915-16 as assistant botanist 


at the New York Experimental Station, Geneva, N. Y. 


for the Champlain Valley 


made the 


Trees 


In his first year at the University of Kansas he 
met Katharine Lyon. a fellow “refugee” from Cornell. 
They were married in 1917 at the Lyon home, in 
Hudson. N. Y. During World War I he served first 
as a port inspector of fruits and vegetables in New 
York City. then as a spray specialist at Sanford, 
Florida, where he furthered the war effort, he later 
said, by driving the meanest pair of mules in the 








PHYTO 


returned to 
4 Louisiana 
Mix home 


particularly 


sSecandin varmth, and 


hospitalit trom all 
over the 
In the se War I ix became chairman 
for the 1 the Ire deratio n Lawrence 
which resulted the J lawk rsery. near Birming 
ham. Eng hildren and 
orphans is chairman 
of this committe nd too Wa ob with the Depart 
ment of tus I wy Plant Disease Sut 
research 
it Penn 


svivania St niversil retu ning o the | niversity 


of Kansas in the { f | xpanded th 


embers and 


Botany 
Department 
strengthening 

Professor X adit ny one during his 
lite: Liste He} me 1954-57: presi 
dent of tl ! haptetr I igma Xi 1950-52: 


councillor 1952) of the 
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Mvycologis al 
A.A.A.S., 1925; and 
Hamilton ¢ ollege. 1955 


He was the author of some 40 papers. 


\merica: Fellow of the 
Dux tor of 


Society oft 
Honorary Science, 
including 
monograph ot the Taphrina and (with the 
WV vcology for Bacteriology and 


The latter was used for many vears in the 


genus 
iuthor) Students of 
Vedicine. 
course in medical mycology taught at the University 
of Kansas , 

Professor Mix became ill in June. 1956, and after 
several hopeful short convalescent periods, succumbed, 
He is survived by his wife. Katharine Lyon Mix, whe 
continues to live in the house that he enjoved planning 
built, and happily for a 


Mrs. 


story of a great 


and seeing lived in vear, 
Chis 


hitting 


poem. found in his notebook by Mix. is a 


ending to the mycologist, 


teacher, investigator. and classicist 
| would live on through a long October. 
as old wine, 


ende d, 


Air drenched with sunlight, warming 
ike a drowsing wasp, his honey forage 
berry of the aging vine 
ipen like fruit in October sunshine, 
Fall as the fruit at October's fall, 

Fall with the loosened leaf slow floating downward, 


with the 


ling to the 


| 
( 
R 


Cease whisper, “This is all 





